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} PRESENTS AN IMPORTANT NEW RELAY SERIES 


A three-pole, hermetically sealed version of the 
KM provides a multiplicity of action yet requires 
a minimum of space. Mounted with three #6-32 
studs; eight solder terminals. This relay is espe- 
cially useful in low voltage, DC applications 
where size and weight are critical factors. 














ENGINEERING DATA =~ 
KM SERIES : + > > 
CONTACTS: Max. 3PDT. 3/32” Dia. & i ot % 
Silver 2 amps, 115V 60 cy. resistive —_ 4> 4+ > 





VOLTAGE RANGE: Up to 48V DC | 4aQ4 
nominal 


COIL RESISTANCE: Up to 6700 ohms | is 17 a 
COIL POWER REQUIREMENT: 1 watt | 
TEMP RANGE: —45°C to +55°C < 
PULL-IN: 75% of nominal voltage 2 
TERMINALS: Solder lugs a 
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Designated as the KE, this latching relay com- 
bines two KMs for minimum size and weight. It 





operates on momentary impulse to either coil W YOR 
with a mechanical latch and electric release. wt 
Available up to 6 PDT. This relay was designed ENC 
for intermittent duty only. Three-stud mounted n Park 
with solder terminals. Hermetically sealed model EW JERS 
is shown at left. Also availabie in open version. Summ 





Cood ty larch SERIES ANSWERS DESIGN NEEDS 


Designers plagued with problems of miniaturization welcome the KM series as good relay news. 
These subminiature relays—open, hermetically sealed and latching—are wonderfully versatile, 
light in weight, and amazingly compact. The open KM occupies less than a cubic inch of space! 
Application possibilities range over such diverse fields as remote control systems, automated 
toys, small business machines and alarm systems. New applications suggest themselves daily 
to engineers working with designs where component size and weight 
must be kept to barest minimums. Your inquiries about our KM series relays are invited! 





POTTER & BRUMFIELD , INC. A Subsidiary of American Machine & Foundry Co. 


PRINCETON, INDIANA Manufacturing Divisions in Franklin, Ky., and Laconia, N. H. 


FOR MORE INFORMATION CIRCLE 1 ON PAGE 48 
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How Much Is an R/D Boss Worth? Scott Nicholson @ 4 


Associate Editor Nicholson digests the results of an industries-wide survey— 
throws light on a muddled affair. 


This Is Inertial Navigation 
Walter Wrigley & John Hovorka @ 10 


Of increasing interest and importance, R/E here presents a clear exegesis on the 
why’s and how’s of the new technique. 


So You’re Going To Make a Speech Luis J. A. Villalon @ 14 


The difference between a successful speech and a drab one is often only the sum 
of a few details. Our Management Affairs Editor adds them up. 


Face to Face: R/E Interviews Hutcheson of Westinghouse @ 19 


The Vice-President for Research and Engineering descants on matters of person- 
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There might be limits to efficiency methods that are not solely economic. Here, a 
plan and a reaction. 


British Research Groups Worth Studying e@ 38 


New York consulting engineer Wm. Eaton suggests that holding the mirror of 
British research associations up to our own cooperative research set-up could 
yield some illuminating reflections. 


Technical Management: Making Committees Work @ 2 

Conferences can be oil to the gears of communications, or sand to their vital 
works. Dr. Williamson offers an outline of conference policy to assure maximum 
results. 


From The Publisher @ 3 
No one can be intimately associated with the R/D effort in American industry 
and not be stimulated to appraise his own effort. 
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TECHNICAL MANAGEMENT 


MERRITT A. WILLIAMSON 


MAKING COMMITTEES WORK 


I am sure all of us have attended more conferences and 
meetings than we like to think about. Some of these, in 
my own experience, have been well-handled and worth- 
while; but by far the greater number have been poorly 
handled and largely a waste of time. 

There are several reasons why meetings break down. 
Poor chairmanship, for example, can be a great deterrent 
to the enjoyment and value of the session. Being a good 
committee leader is a real art. There are a few books con- 
taining hints on this. One such book which every manager 
should own and study is “Standard Business Conference 
Technique” by Carl Heyel, published by Funk and Wag- 
nalls. This book lists 136 rules covering every phase the 
preparation for the conduct and the follow-up of a business 
conference—and shows too, how each of these steps should 
be organized and planned for maximum results. Special 
attention is given to the problems of the staff executive 
in conference leadership, as opposed to those of the line 
executive conducting a conference composed entirely of 
his own subordinates. 

Important too is the failure to define in advance the 
objectives of the meeting. The technical manager must, 
in my opinion, be very clear and straightforward in his 
thinking where committee action is concerned. It is futile 
to appoint committees or to serve on them unless there 
is some conception of the job to be accomplished. I think 
that the person who names a committee should make a 
definite charge in writing to the committee which will limit 
the functions and permit the committee to recognize when 
its job is done. I think that every person named as chair- 
man of a committee has the obligation to set forth objec- 
tives and to prepare a formal statement of his under- 
standing of the purposes and limitations of the group. He 
should then forward this statement for approval to the 
person who appointed the committee. I think it behooves 





Formerly Research Director for Burroughs Corp., Dr. Williamson 
is now Dean of the School of Engineering and Architecture of 
Pennsylvania State University. He also acts as a consultant on 
problems in technica] administration to industry. 





every committee member not to move forward into ds 
cussion until the committee chairman and the committe 
itself are clear about the following questions: 


1. Who is convening the committee? 

2. Are the members appointed or elected? 

8. Are committee members serving on the committee } 
virtue of their position in the organization or are the 
there as individuals? 

4. Are they representing a unit of the organization or 
they there as individuals free to contribute without regan 
to “party line’? 

5. How is the result of the committee meeting to ber 
ported: By advice to the chairman who will then take » 
tion or written as a statement which summarizes the mer 
bers’ agreements? (Can minority views be given?) 

6. To whom does this report go? What does the recipiet 
want to use it for? 

7. Will the report form the basis for further study, or 
it be the basis for immediate action? 

8. Will the individual committee members take action 
the cuff or will they wait for formal instruction befor 
proceeding? 

9. Will there be a secretary to prepare the minutes? 

10. If there is a secretary, is he a member of the cm 
mittee or an outsider without vote? 


11. Will recommendations be brought to a vote? 


12. If individuals are to take later action, is the record! 
or secretary instructed to make these assignments a pu 
of the minutes? 


If the committee is a continuing kind which meets © 
schedule, I like to see that the minutes carry the name« 
those absent. I have found it very effective to carry ™ 
lists: those present and those absent. I further like to * 
that every person attending a regular meeting sends! 
deputy when he cannot be present. This gives the dep! 
training, fosters better communication, and allows the ® 
in charge to see who is really developing the men wu 

(Continued on page 
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We are all familiar with the adage that “nothing is constant except change”. As 
publishers of the only magazine serving solely the managers of industrial research, 
design, and development, we would amend that adage to read: “In product and 
process development, nothing is constant except change for the better”. 


You will have noticed the new front cover design of this issue of RESEARCH & 
ENGINEERING. This was not changed for the sake of change itself. It reflects the 
advanced, enlarged editorial scope which begins to become evident with this issue; 
which will hit full stride with the January and subsequent issues in 1957; and which 
is an indication of ... 


MORE CHANGES TO COME... 

With the January issue we are also reducing the page size of the magazine from its 
present 9-34” x 12-34” size, to 9” x 12”—a change recommended by the tens-of-thous- 
ands of orders for article reprints: the new format will be a filing convenience. 


Further, our editorial staff has been enlarged to cover the greater scope of edi- 
torial service; we are also adding consulting editors located in areas of greatest in- 
dustrial activity. However, the latter will supplement, not supplant, the travels of our 
own staff which averaged 1000 miles per month in 1956 and will increase in 1957. 


At this time I join our editors in wishing you a joyful holiday season and a prosperous 1957. 


Lom.tt: Kellan, YO rie 








In the past twenty years a torrent of 
technological change has_ brought 
America more material gains than 
any nation has ever before experienced 
in history. Processes and inventions 
which did not exist 20 years ago now 
account for over $30 billion of the gross 
national product. Nor does the trend 
show any sign of diminishing. The 
Bureau of Labor Statistics estimates 
that about 1000 more companies added 
R/D departments to their organiza- 
tions this year, raising the total of 
companies thus staffed to 16,500. 

This gives rise to a paradox. For, 
despite the growing number of com- 
panies climbing aboard the R/D band- 
wagon and the resulting shortage of 
technical executives, the average R/D 
director’s salary has moved so slug- 
gishly (up $2,000 in 5 years) that it 
has merely stayed abreast of the me- 
dian rise in middle management in- 
comes. 


Fact and Fancy 

This fact flies against a number of 
popular assumptions about the R/D di- 
rector’s pay. One widely-held view, for 
example, is that technical managers are 


General Manager — Research & Development 
$15,000 





enjoying a Midas prosperity. And the 
widespread publicity which popular 
magazines have given to engineers’ 
starting salaries has bolstered the be- 
lief that a technical degree is almost 
a guarantee of a quick fortune. 

Another article of faith in the busi- 
ness community is that all good mana- 
gers tend to be promoted, and that the 
R/D manager is no exception. So if he 
fails to rise in the company, it is prob- 
ably his own fault. 

A final assumption concerns the 
trend toward giving research directors 
extra benefits—such as pensions, stock 
options, and bonus arrangements—in 
lieu of salary. A growing number of 
management people are convinced that 
this is a desirable development. As a 
manager’s income climbs above $15,000 
and taxes consume more and more of 
his income, he stands to gain by accept- 
ing payment in the form of deferred 
benefits. | 

How do these assumptions square 
with the facts? R/E, in a confidential 
salary survey of 153 research and devel- 
opment directors in all industries found 
that, as far as technical managers are 
concerned, these assumptions may be 


Vice President — Research and Engineering 
$65,000 





HOW MUCH IS AN R/D 


invalid. 

For one thing, despite the much-pub. 
licized shortage of scientists, R/D man- 
agers appear to be no better off finan- 
cially than executives in non-technical 
fields, such as personnel, where supply 
far exceeds demand. R/E’s sampling 
shows that the average technical man- 
ager’s salary in three industries—elec- 
tronic, chemical and mechanical — is 
about $19,000, which represents a three 
percent per annum rise in salary since 
1951. 

The adage that good managers get 
promoted may not apply to the research 
department. In the average manufac- 
turing division, six levels of manage 
ment separate the foreman from the 
general manager, By contrast, the av- 
erage research and development de 
partment in R/E’s survey has only 
three levels to rise through. As a result, 
opportunities for promotion within re 
search are somewhat limited. Of 158 
research managers interviewed, a sur- 
prising proportion—36%—report that 
they have never been promoted by their 
present employer. Most of their salary 
gains have come about by changing 
jobs. Less than 34% have received two 


Director of Basic Research 
$11,500 
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or more promotions. 


Finally, R/E’s survey indicates that 
the sum of benefits and bonuses that 
the typical R/D director receives does 
not fully compensate for the lag in his 
salary. Though more and more R/D 
directors are participating in company 
benefits (72% of R/E’s respondents 
report that they receive some form of 
deferred payment), the type of benefits 
which they receive are not necessarily 
those which fatten the pocketbook. For 
example, whereas 76% of R/E’s re- 
spondents participate in some form of 
contributory pension or insurance, less 
than 20% enjoy a company-paid in- 
surance plan. Also, while 34% are of- 
fered a stock option, less than 12% 


enjoy a profit-sharing arrangement. 


In short, R/E’s survey strongly in- 
dicates that three of industry’s fa- 
vorite assumptions about R/D mana- 
gers’ pay may be partially or wholly 
inaccurate. The R/D director is not, as 
one financial] newspaper put it, “cashing 


in on the scientific shortage”’. 


Money Secondary 


Why is the present technological 
prosperity bypassing the very group 


Laboratory Manager 
$17,000 
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BUSS WORTH? 


that set it in motion? One answer, of 
course, lies in the nature of the R/D 
manager himself. Acquiring wealth is 
not his main objective, and he is fre- 
quently happy to accept low pay for 
the chance to work unmolested. As the 
technical director of a large Midwestern 
machine tools producer explains, “cre- 
ative work has never been able to com- 
mand a high price tag. . . Usually a 
research director makes heavy salary 
concessions for the right to work in 
a free atmosphere”. 

The research director of a medium- 
sized chemical company even suggests 
that lack of interest in financial rewards 
is one of the signs of a good scientist. 
He writes: “In reply to the question 
about the research director’s pay, I 
would say that the person whose main 
goal is to contribute to scientific know- 
ledge is probably worth more than he’s 
getting, while the one who is interested 
in accumulating money is probably get- 
ting more than he’s worth”. 

But apart from the research mana- 
ger’s reluctance to make money a prime 
consideration, other factors are also at 
work to depress his salary. The various 
techniques that companies use to judge 


Director of Preliminary Design 
$25,000 
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1. 
2. 


3. 


HERE ARE SOME 
OF THE QUESTIONS R/E ASKED 
In which industry do you work? 
How large is your company (no. of 


employees)? 
What is your present job title? 


4, What is your salary? 


5. 


ls there a salary limit on your pres- 
ent position? 


6. Is there a fixed policy on your 


7. 
8. 


9. 


10. 
11. 


12. 


13. 


14. 


15. 


salary? 

What was your last job title? 
Were you promoted to your present 
position or brought in from outside? 
What was your salary just prior to 
accepting your present position? 
What is your age? 

What benefits does your company 
offer you? 

Do you consider yourself 1) grossly 
underpaid, 2) worth considerably 
more, 3) satisfied with your present 
salary progress, 4) perhaps some- 
what overpaid? 

Do you feel that you earn the same, 
more or less than R/D administrators 
in other companies? 

Are you paid the same, more or less 
than other managers in your firm? 


Please comment. 
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Which industry 
Pays R/D Directors Best? 


Does Long Tenure 
in One Company Pay Off? 





Which Routes Lead to 
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the R/D manager’s worth may be one 
of the reasons why raises come slowly. 
Industrial relations specialists general- 
ly agree that the research director’s 
role is one of the most difficult to evalu- 
ate. The work is intangible, and results 
are hard to pinpoint. The technical di- 
rector of a chemical laboratory points 
out, “In R and D there is no clearcut 
yardstick of achievement. The sales de- 
partment’s percentage-of-sales concept 
or the piecework measurement that ap- 
plies to production has little or no ap- 
plication to research. In R and D, the 
success of the individual director has 
to be measured in much the same way 
that you measure top management’s 
performance—by the over-all profit 
picture of the company”. 

In the absence of tangible yardsticks, 
how do most companies judge the worth 
of their research directors? The re- 
plies to R/E’s questionnaire indicate 
that most companies meet the problem 
by applying the same evaluation tech- 
niques to research that have become 
standard in other departments. Three 
of the most common of these are: 


e the uniform salary scale 
e the point system 
e the Boss’ opinion 


Paying the Job, Not the Man 
According to R/E’s survey, the uni- 
form salary scale is one of the most 
common evaluation systems that R/D 
managers must live under. Thirty-eight 


percent of R/E’s respondents report 
that their pay falls under this approach. 
The scaled system has two identifying 
characteristics. 


e The salary is pegged to the job rather 
than to the individual. That is, each 
position—each square on the organiza- 
tion chart—carries its own price tag 
regardless of the person who happens 
to occupy the post. 

e The allowable salary spreads are kept 
within close limits. Each position bears 
a bottom and ceiling salary, with a 
range of three or four thousand dollars 
between. 

Companies that use this technique 
offer several reasons why they like it. 
One is that it permits company-wide 
uniformity and thus avoids the charge 
of favoritism. As a personnel manager 
observed, “Every manager, every em- 
ployee even, is convinced that his own 
work is the most important in the com- 
pany. It’s good that people feel that 
way. But if we try to rank men accord- 
ing to their real, intrinsic worth, we 
will simply demoralize the ones who 
have been bypassed. It generally pays 
off to be impersonal in dealing out 
salaries”. 

The personnel director of a large 
Eastern electronics manufacturer em- 
ploying over 12,000 persons stresses a 
second advantage of the salary scale: It 
keeps managers striving after the next 
rung in the organization ladder. By lim- 
iting the pay that a manager can re- 


ceive in his present position, it whets 
his desire to move ahead. As a result, 
it encourages managers to prepare 
themselves for promotion. 

R/D directors answer, however, that 
applying the uniform salary system 
without regard to the differences be 
tween research and other types of work 
may lead to serious injustices. Too of- 
ten, for example, companies fail to real- 
ize that the research director’s job is a 
relatively fixed professional assign- 
ment. In other departments, such as 
sales and production, it pays to shuffle 
men through a variety of assignments. 
But the research director, with his 
graduate training in science is usually 
too useful right where he is to be trans- 
ferred either upstairs or sideways. Asa 
result he frequently remains stationary. 
Under a stratified salary scale, where 
raises depend on promotions, this can 
work a serious hardship on him. 

Another way that basing pay on the 
job penalizes the research director is 
that it tends to withhold rewards from 
men who deserve special recognition. 
R/D men point out that research and 
development depends on the man, not 
the job. By tying salary to the position, 
this approach tends to ignore the gifted 
engineer’s contribution. 


Earning Gold Stars 

How can companies pay each R/D di- 
rector according to his individual con- 
tribution without opening the charge of 
favoritism? Many companies answer 
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“One-Stop Shopping” for 
Your Laboratory Chemical Needs 
at BAKER & ADAMSON 
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RADIO- 
CHEMICALS 


B&A’s extensive line in- 
cludes organic and inor- 
ganic radioisotopes, in- 
cluding Carbon- 14 labeled 
compounds and deute- 
rated compounds. 


INORGANIC 
REAGENTS 


The most complete, most 
preferred line in the coun- 
try. B&A offers over 1,000 
high-purity reagents to 
meet your every need. 
Outstanding for packag- 
ing, too! 















ACIDS 


Widest possible selection 
from America’s pioneer 
producer. More than 50 
“C.P.” Acids are avail- 
able in all preferred grades 
and strengths to fill every 
laboratory requirement. 
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BIOLOGICAL 
STAINS & 
INDICATORS 


And, to “round out” its 
service, B&A provides the 
full line of ‘‘National 

Quality’’ Stains and 
- [Indicators of Allied 
» Chemical’s National 
, Aniline Division. 













ORGANIC 
CHEMICALS 


i The complete line of 
@ Eastman Organic Chem- 
icals as listed by Eastman 
Kodak Company is al- 
ways available from B&A. 


RARE 
EARTHS 


B&A regularly offers over 
30 rare earths in ex- 
perimental and commer- 
cial quantities. Others 
available on request. 


































All readily available from B & A’s 
coast-to-coast chain of distributing 
stations. Simplify your “shopping”! 


Make Baker & Adamson your . 
convenient, dependable, “‘one-stop” BAKE R & ADAM SON 
source for all your laboratory Laboratory Reagents 

ieee ies GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 





Offices Albany* * Atlanta * Baltimore* * Birmingham?* * Boston* ¢ Bridgeport* * Buffalo* * Charlotte* * Chicago* + Cleveland* + Denver® * Detroit* * Houston* 
Jacksonville * Kalamazoo * Los Angeles* * Milwaukee * Minneapolis * New York* * Philadelphia* * Pittsburgh* + Providence* * St. Louis* * San Francisco* 
Seattle * Kennewick* and Yakima (Wash.) In Conode: The Nichols Chemical Company, Limited © Montreal* © Toronto*™ * Vancouwver* “Complete stocks carried here. 
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Do you earn the same, more, 
or less, than R/D administrators 
in other companies? 








41.5% 





Opinion is about equally divided between 
R/D directors who feel they are being 
underpaid and those who are satisfied 
with their present progress. 








Satisfied Perhaps Are you paid the same, 
= _ ‘ with Worth more, or less, than other 
id Considerably} Present Somewhat managers in your company? 
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this question by applying an elaborate 
point system. This approach has two 
characteristics. 

e It rates the R/D manager on his per- 
formance of specific supervisory func- 
tions. For example, it may measure his 
success in handling subordinates, in del- 
egating, in expediting paperwork, deal- 
ing with other department heads, and 
so forth. 

e It applies a specific numerical weight 
to each function. For example, handling 
subordinates may be valued 25 as 
against 20 for ability to co-operate with 
company procedures. 

Companies using the point system of 
rating like it for several reasons. One is 
that it focuses on the manager’s per- 
formance rather than on the position 
he holds. Also, it lets him know on 
which skills he is being judged. It lets 
him know, too, that his activities are 
not being ignored. And finally, it per- 
mits much more leeway in the matter 
of salaries, because it gives manage- 
ment a numerical tally-sheet by which 
to justify extensive raises. 

However, R/D managers find two 
dangers in applying the point system to 
research and development activities. 

It sets up artificial standards, they 
say. The criteria it establishes too often 
have nothing to do with the successful 
functioning of a research laboratory. 
“In nine cases out of ten’, the director 
of chemical research in a Pennsylvania 
company declares, “the criteria used 


are human relation ones which may or 
may not have a bearing on what is go- 
ing on in the research department”. 

Most bosses fudge the point system 
anyway, another R/D director adds. 
“Bosses only go through the motions of 
grading by an impersonal yardstick,” 
he says, “if they actually were to follow 
an accurate point system scrupulously 
they would lose their contro] over sub- 
ordinates.” 


What About the Boss’ Opinion? 

Isn’t the boss, after all, the best 
judge of what his research director is 
worth? R/D managers reply that much 
depends on who the boss is. Is he the 
company president, technical vice presi- 
dent, general manager, or production 
manager? R/E’s survey reveals that 
about one-third of the R/D directors 
report directly to the president. The 
rest report to a variety of vice presi- 
dent, general managers and production 
managers. And this reporting relation- 















ship can have an important effect 
the boss’ acceptance of his R/D 
ager. 

Another consideration is the rapper 
that exists between the R/D 
and his boss. Do they see things eye 
eye, or is the technician’s way of lo 
ing at problems, his vocabulary, and hi 
method of analysis a barrier to unie. 
standing. 

Probably most important is the bow 
attitude toward research. If his outlo 
is a pioneering one, if he becomes &: 
cited by the possibility of attaining pr 
duct leadership through a technologie 
breakthrough, then a sound basis exis 
for a good relationship between the tr 
men. 

The chief development engineer of 2 
electronics company sums up with ti 
following advice; “If a research ma 
ager wants to get paid what he’s wort 
he needs to do just one thing: work it 
a president who believes in the pos 





bilities offered by science”. 














SEVEN TYPICAL SALARY SITUATIONS FROM R/E’S SURVEY 
TITLE INDUSTRY AGE SALARY REPORTS TO 
Director of Research Chemical 52 $18,000 President 
Chief Engineer Mechanical 34 $11,500 Technical V.P. 
V.P. — Research Mechanical 48 $21,000 President 
Manager of Research Mechanical 4] $ 9,400 General Manager 
V.P. & Technical Dir. Chemical 49 $30,000 President 
V.P. — Research Electronic 44 $26,000 President 
Director—Res. & Dev. Electronic 38 $17,500 V.P. Res. & Eng. 
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SINGLE to 8-channel inkless and permanent 
recording in true rectangular coordinates 
of 0-100 cps phenomena — ranging from 
telemetered aircraft data to atomic reactor 
characteristics — is the vital and growing role 
of Sanborn oscillographic recording systems 
in industry. The Sanborn file of users indicates 
that such recordings are aiding in the dynamic 
analysis of jet engine starters, machine tools, 
agricultural machinery and oil drilling 
equipment; performance of pilotless target 
aircraft, modern submarines and tracking 
radar systems; and the production testing 
of servo components, valve positioners and 
precision potentiometers. Sanborn systems 
) l designed especially for recording analog 
computer output extend applications further — 
in simulated flight set-ups, solution of complex 
<< problems with six or eight variables, etc. 























RIGHT ARM 


of industrial research : 
















Sanborn's gaivanometer 
writing arms record 
valuable data to heip | 
solve the countiess 
measurement probiems of 
research, design, and 
production testing. 


The advantages of making Sanborn 
equipment the “right arm” of your recording 
problems include extreme /lexibdility, by means 
of a dozen different interchangeable, plug-in 
“*150 Series” preamplifiers which quickly and 
economically adapt a basic system to changing 
requirements; choice of 1-, 2-, 4-, 6- or 
8-channel systems, in vertical mobile cabinets 
or “portably packaged’’; numerous chart 
speeds, many individual channel controls, and 
high over-all system linearity. 

To see how oscillographic recording the 
Sanborn way can become the “Right Arm”’ 
of your analysis work, write for detailed 
information or contact your Sanborn 
Representative. Sixteen-page ‘‘150 System” 
catalog on request. 


SANBORN COMPANY 
Industrial Division, Cambridge 39, Mass. 


Gow 





ger 

2-, 4-, 6-, 8-CHANNEL 
g. 8-,6- CHANNEL 4-CHANNEL 2-CHANNEL 1-CHANNEL ANALOG COMPUTER SYSTEMS 
_— FOR MORE INFORMATION CIRCLE 3 ON PAGE 48 
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THIS IS INERTIAL NAVIGATION 
co 2° Be oe 





Some day soon your design department or laboratory mo 
have to provide unusual new components or materials fy 
inertial navigation systems. A basic understanding of th 
new self-contained navigation system will be essential. Her 
is a tutorial article by two of the first researchers in th 
new technology. 


Inertial navigation is a means of guiding vehicles usix 
the physical properties of the Earth itself: no radio cm. 
tact is necessary. Although the navigation problem i 
fundamentally the same as before, it is changed enough 
from its traditional guise to make inertial navigation: 
new branch of technology. 

A navigator can find his position on some map by refe- 
ence to three sources: 


e The directions of lines from his present position t 
certain stars, the direction of gravity, time, and sw 
tables. 


e Intelligence communicated—by radiation technique- 
from the Earth. 


e The physical properties of the Earth. The physiw 
properties of the Earth that may be used include th 
direction of gravity (the vertical), magnetic North, av 
the direction of the Earth’s axis of rotation. 


The navigator wishes to know his present position: fw 
example, his latitude and longitude. A continuous know: 
edge of his present position, plus some stored informatio 
on his past position (a plot of his course, in effect), wi 
tell him where he is going—with respect, always, to som 
preassigned map or grid, or, speaking generally, mod 
of the Earth. 


Astronomy in a Closet 

Inertial navigation is defined as the determination 
a vehicle’s position from within the vehicle by correlation 
of the local vertical, with a reference frame maintaine 
by means of gyroscopes. It could be called “navigatio, 
or astronomy, in a closet.” Thus inertial navigation s)* 
tems are, or can be, completely self-contained and net 
not have recourse to radiation to or from the Earth 
determine position. 

The direction of gravity is unique at any point on the 
Earth and changes by one minute of arc for every nau 
cal mile travelled over the Earth (except for small vari 
tions due to gravity anomalies and ellipticity). The directio 
of gravity, i. e., the vertical, thus is the defining paramett! 
identifying position on the Earth. The determination @ 
the vertical appears at first to be a simple procedure: 
it seems merely necessary to carry a plumb bob or 
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JOHN HOVORKA WALTER WRIGLEY 


pendulum and note the direction in which it hangs. Then 
as the vehicle moves over the Earth, the pendulum appears 
always to point down, or as seen from aboard the vehicle, 
in nearly the same direction although (since the model 
of the Earth is a spheroid) the vertical is effectively 
rotating about the Earth’s center. This essentially geocen- 
tric rotation of the vertical, in fact, is the basis of 
the above definition of the mile: a nautical mile is 
the distance between two points near the equator when 
the angle between their respective verticals is one minute 
of latitude. 

However, a pendulum used in the above way does not 
indicate the vertical correctly in an accelerating vehicle. 
‘Devices used to indicate the vertical cannot distinguish be- 
tween gravity and the inertial reaction effect of linear ac- 
elerations (Fig. 1). Artificial horizons attempt to filter 
wut the disturbing acceleration effects, and so achieve an 
accuracy of approximately one degree in flight for the 
measurement of the vertical. For precision indication, the 
sphericity of the Earth is taken advantage of in designing 
vertical indicators, so that their measurements are not dis- 
turbed by vehicle accelerations. Thus, the shape of the 
Earth is a further physical property made use of in iner- 
tial navigation. Such devices use the property that gravity 
and acceleration represent a direction plus the essentially 
geocentric angular acceleration of that direction. Thus they 
should be treated together. This was done by Schuler** 
and gives rise to the 84-minute pendulum. 


The Vertical Indicator as an Equivalent Pendulum 

Since Schuler-tuning of a pendulum is difficult at best, 
itis usual to simulate the Schuler-tuned pendulum with an 
uivalent pendulum, having the form of an electromechani- 
wal feedback system designed so that it acts as if it tracks 
the true vertical, although it actually tracks the apparent 
vertical. Here, tracking means the process of matching (i.e., 
tringing into coincidence) two spatial directions: the true 
vertical, or direction of gravity, and the indicated, or con- 
tolled, vertical. Thus, the tracked line is an externally 
tablished direction, while the tracking line is internally 
ixed in the vertical indicator. 

The vertical indicator is a closed-loop system; an ele- 
nentary form for such a system is shown in Fig. 2. Note 
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that the system input is the direction of the net non-field 
force per unit mass, or specific force, on the vehicle. | 

First examine the block marked space integrator in Fig. 
2. The space integrator is usually the system component 
with respect to which the indicated vertical is fixed. The 
space integrator is taken to be coincident with the 
point from which the true vertical is observed. Therefore, 
only rotation—no translation—of the indicated vertical is 
needed to drive it into coincidence with the true vertical. It 
is one function of the space integrator to perform this 
operation. 

To simplify the block-diagram representation of the 
vertical indicating system in Fig. 2, only a single-axis sys- 


center of mass of seismic element in accelerometer 


/ 
NON-FIELD SPECIFIC FORCE GRAVITY 





7— Ltt! g = G— We X (We X R) 
Ma 
APPARENT VERTICAL TRUE VERTICAL 
Where 
Where -- bad 
G = gravitational 
i = if specific force 
D = drag Ve = ee 
— ae angular veloc- 
a seen eo ity of the Earth 
— a R = radius of the Earth 
f = non-field force 


g = gravity 


Fig. 1. The true vertical or gravity direction, compared with the 
apparent vertical as indicated by a pendulum. 


tem is shown. The problem represented is thus one where 
vertical indication is required in a single plane rather than 
in three dimensions. (The two-dimensional treatment is 
not restrictive provided certain cross-coupling and azimuth 
rotation effects are taken into account.) With the single- 
axis limitation, it is possible to show the controlled member 
drive system, i. e., the space integrator, on the block dia- 
gram as a box, with the indicated angular velocity of the 
indicated vertical itself, as the output. The angular-veloc- 
ity-in direction out requirement on the space integrator is 


il 
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Fig. 2. The equivalent pendulum: a Shuler-tuned force-tracking loop for 
vertical indication. Only a single-axis system is shown. 
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taken care of by the use of gyroscopes. 


Primary Data Source Is an Acce!erometer 

Since the true vertical is “seen” by the system as the 
direction of a force, a primary data source in the system is 
a force or acceleration detector, i.e., an accelerometer. If the 
accelerometer is stationary on the Earth, and the platform 
on which the accelerometer is mounted is horizontal, a 
fiducial mark on the controlled member indicating the ver- 
tical then lines up with the direction of gravity; i.e., the 
indicated vertical lines up with the true vertical. No com- 
ponent of gravity then appears along the horizontal input 
axis of the accelerometer. However, if the controlled mem- 
ber is tilted, a component of gravity is sensed by the ac- 
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VERTICAL INDICATOR LIFT 
AIRFRAME 
- THRUST T 
Be EE con we yD 
M.G pata 
p G Force of gravitation* 





Force of gravitation* on aircraft mass Ma 


on accelerometer 


seismic mass M, 





M, G 
L+D+T_ - 


V 


Fig. 4. The force an airborne accelerator measures: the combined 
effect of lift, drag and thrust. *The effect of gravitation is identical on 
accelerometer mass and aircraft. 
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Fig. 3. Integrating the angular velocity of the indicated vertical to indicate 
position. *Accelerometer and integrator may be combined into a single unit. 


celerometer along the accelerometer input axis. 

The controlled member indicating the vertical is hinge 
or gimballed to a base which is in turn rigidly attached to 
the vehicle. Mounted on this controlled member, the « 
celerometer senses any accelerations of the base which ma 
present components to its input axis. 

A careful analysis of accelerometer inputs shows thi 
such a unit responds to the non-field specific force give 
by the combination of lift, drag and thrust per unit mas 
on the vehicle, rather than to field force, (e.g¢., gravitation), 
as shown in Fig. 4. The direction of this force f is along 
the apparent vertical, in general (see Fig. 2). The tre 
vertical is given by the direction of gravity, which is a com 
bination of the Earth’s gravitational (mass-attraction) 
force per unit mass with the centripetal specific force dv 
to the Earth’s daily rotation. The accelerometer is thus a0 
to be identified with the vertical indicator itself; it is only 
one component in the vertical indication system. In Fig.? 
the accelerometer output is shown feeding an integrator # 
part of a Schuler-tuned loop, that is a feedback system 
which has the same natural period as a Schuler-tuned pet 
dulum, or about 84 minutes. 

The vertical indicating system is itself only part—# 
though the principal sub-system—of the complete position 
indicator. Here by position indicator is meant a devit 
which indicates latitude and longitude, as well as azimuth. 
This last quantity, although essential to terrestrial navige 
tion, will not be discussed further here. The relationship 
of vertical indication to position indication is made evident 
from a study of Fig. 7, where latitude and longitude ar 
shown as the angles between local and reference verticals 
or as projections of these on the equatorial plane. 


(Continued on page 4) 
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The difference in these 


processes could be 


worth millions 


to your company 


A Conventional rough forging 


Steel: weight 120 Ibs. 
Titanium: weight 70 lbs. 





The difference is , 





“= 


f° ROM the example above it is evident that material 

costs alone, using conventional methods, can exceed 
the total finished cost of parts produced by the exclusive 
A. OQ. Smith E.D.O.S. process. By comparing a conven- 
tional rough forging with a precision-forged, contour- 
rolled ring (A and B illustrated above), material cost of 
the finished ring is cut by more than 70% — machining 
time cut by 509%! These great savings — due to conser- 
vation of costly metal by predetermined distribution — 
are possible with steel, titanium and other heat-resistant 
alloys. The whole E.D.O.S. process (involving precision 


WRITE TODAY FOR FREE ILLUSTRATED 
BOOKLET —- Bulletin 1-17A — Complete 
with technical details. Also arrange for 
showing of new 16-mm. sound color 
movie about this remarkable process. 
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BS Precision forged contour rolled piece 


Steel: weight 35 Ibs. (70.83% saving) 
Titanium: weight 20 Ibs. (71.43% saving) 


KS machining time: 8 hrs. (approx.) 
50% Saving 











Engineered Designs for Optimum Structures 





forging, contour rolling, flash and fusion welding) can 
build a lighter, stronger product faster and at lower cost 
than any other existing method! For further informa- 
tion about E.D.O.S., contact A. O. Smith Corporation, 
Milwaukee 1, Wisconsin. 


Through research Ge) ..@ better way 
AO. mith 
Cc OR P 2. ae O N 


C 
MILWAUKEE 1, WISCONSIN 
international Division: MILWAUKEE 1, WISCONSIN 
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Management Affairs Editor 


Back in college, while the English Majors were takiy 
courses in public speaking and manning the debating tem 
the fellows who now manage America’s research and dev. a 


sicfstere 
SENG 
cr. <7 oO 
WES, BS SN 
OOS IS 7 e research 
ant ES LER TENRN UES RE RC opment programs were burning the midnight oil inalabn§ { 
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SS ZEA. SEEN ; ; ; ° ; ° , 
aK oO Cx iS: BS, SNE is WS, OOO tory or wrestling with the intricacies of differential calculug 
NES CS x oe = BR eS LESS WEN SES SS That tended to be okay with them. They hadn’t comen§ 0 
BOOKS OS RSE GU eS i SUSU college to exhort their fellow-students or to prepare for: 
SARS KS << << LENSES ENS EN career on either the pulpit or the podium. All they rayg i 
PRO EENS USUS UST NG ir i oi es 
EG KO SSN, I SURU RY PRR OK << wanted was to be left alone to tinker, design and invent, § hi 
3: <<: oc SOC Bi eR << oN _ But they were born too late for any such ivory towerag ™ 
SINR: <> CS GSES ERT os istence. During World War II science broke out of its ishg 
SCSZS ie: Ee > ese ESTES tion ward and became a matter of violent public—as wi} 4 
oy CRC RAL ELEN RN RNR is 
s SG ESUST, wy SG USS Ws 7 S CS as corporate—concern. Members of the technical commu 
S LES GG ERR ERS BS Pe RR CES << eS a ity suddenly discovered that it was not sufficient to bese % 
RES LES LES UST: ISG, PO <S ESS and not heard. They began to be asked to speak up atemg§ W 
ESE Re ! 
: ERP Nw pany conferences and to take their places with other cng % 
NSENUSNS pany executives at general business meetings. As a fm 
LSNUSU RUS, | accolade, they even had a few after-dinner dates thong 4 
SS BSUS. their way. p 
SS ROO NSEN H. B. Maynard, president of the Methods Engineeryg 
iw POC Council—himself engineering-trained—puts it this weg " 
RRO “The time has come when the scientist-technician can ng 
BRS RRR RRC ] li ithin the f all i Hemse@ & 
CSL SESE SONG, onger live within the four walls of his laboratory. Hem 
BK SESESESGS be able to contribute to both corporate and public unieg 4 
< ROS cS SSSA standing of the scientific point of view. Furthermore, efeg # 
Cc CoCo. tive speaking is now considered one of the measursii™ ‘ 
Ns <> QUIS RON executive success. It’s a new skill which the progressing \ 
ie N 
x Oe CSCSZS SU, 
Oo . SOO 
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xO x SSC IND Ln § 
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WZ We Ui. 
ID Tis 
S USTENT: LIENS Biwi, 
EN LEG BO BS, a ” i 
SUSOENT: ZB Se <a> Ee Se manager must master. 
SCS Gay <> Ox << : The technical man deals with facts and knows full ¥ 
SN UST: We OK BS that it’s important to have something to say before yj 4 
eS: LENS LENT BRD. We say it—but, unlike his brother in the sales department ¥— ? 
SONU NS Se COS 4 , ow See Tee te 
WE ee ES Gi Li doesn’t always realize that the way it’s said counts, to0. 
US BS eS < ss <S ES, executive who can talk coherently and convincingly wg 
NAN: Ui We C < only has an edge with his listeners but is likely t # 
LES ERP BRS ES closer to what he wants from his company, both forlitg % 
SESS Ges SU. BS BURG self and for his department. : 
2: i: <<: GSU SES Fortunately, except for the extremely shy and unassutig T 
Poo ESE GiGi BSG reasonably effective speaking is not difficult to come 3 
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that will help him shine on the platform, 





Now he’s expected to speak up at company conferences 


Research-conscious industry no longer lets the research and 
business meetings. Here are some guides to effective speaking 


development genius hide out in his laboratory, to be seen and not heard. 
and take his place alongside other company executives at general 
conference table, or after that professional society meeting. 
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NUCLEAR RESEARCH REACTORS 












































SG HEAVY-WATER REACTOR has a maximum thermal- 
3 neutron intensity of 2 x 10 neutrons/cm*/sec. when 
hee operating at 5000-kw heat removal rate. Fuel inventory 
Wess, ) . for this reactor is 2200 grams of enriched U-235. 
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General Electric Now Offers 
Three Nuclear Research Reactors 


Any one of General Electric’s three basic research 
reactors can be modified to meet your particular 
research requirements. 


HEAVY-WATER REACTOR is cooled and moderated 
with heavy water. The high neutron fiux density 
and wide choice of test facilities make this reactor 
ideal for research institutes with concurrent experi- 
mental programs. The basic reactor can be provided 
with a number of experimental facility combinations 
due to the large volume of test space available. 


SWIMMING-POOL REACTOR, moderated and cooled 
by ordinary water, has exceptional flexibility and 
high neutron flux. Bulk shielding, biological tests 
and general radiation experiments are among the 
experimental activities which may be carried out in 
the Swimming-pool Reactor. This reactor is par- 
ticularly suited to industrial and educational uses. 


NUCLEAR TEST REACTOR, water cooled and graphite 
moderated, is a compact and flexible research tool 
designed for nuclear investigations with thermal 
neutrons. Its small size, and excellent control features 
make it an extremely precise device for industrial 
process or educational use. This reactor can be 
operated at low power (no shielding necessary up to 


SWIMMING-POOL REACTOR has a neutron flux potential of 
19" neutrons /cm?/sec. over a flux area of 3700 cm’. Fuel 
mventory consists of 3400 grams of enriched U-235. 


100 watts) with provision for adaptation to high 
power operation. Minimum auxiliary and building 
requirements and ease of installation are added 
NTR features. 


G-E SEVEN-POINT PROGRAM can help you ob- 
tain any of these reactors. Under this program, 
General Electric’s Atomic Power Equipment De- 
partment, San Jose, California, will provide: (1) 
Reactor specifications, (2) Building study coordina- 
tion, (3) Assistance in preparation of hazard sum- 
mary report, (4) Manufacture of reactor and asso- 
ciated equipment, (5) Installation consultation, (6) 
Start-up consulting service, and (7) Reactor service, 


FOR MORE INFORMATION contact your nearest 
G-E Apparatus Sales Office, or write for bulletin 
GEA-6326, General Electric Co., Section B191-2, 
Schenectady 5, N. Y. Outside the U.S. and Canada, 
write to: International General Electric Company, 
150 East 42nd, Street, New York 17, N. Y. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 





NUCLEAR TEST REACTOR has a flux level of 10" neutrons/ 
cm’/sec. when operating at a power level of 30 kw. Fuel 
inventory for this reactor is 2500 grams of enriched U-235. 
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Why are there 


The extra sweep generator makes an 
oscilloscope much more useful. With the 
Tektronix delaying sweep you can... 


START THE OSCILLOSCOPE SWEEP WITH THE FIRST TRIGGER 
w= RECEIVED AFTER A CONTROLLABLE TIME-DELAY PERIOD. 
This is an important reason for the extra sweep generator and its 
associated pickoff circuit in Tektronix Type 535 and Type 545 
Oscilloscopes. Triggering the delayed sweep by the observed signal 
guarantees a jitter-free display ...ideal for examination of time- 
modulated pulses and signals with inherent jitter. 









BP n 
Sos 


» START THE OSCILLOSCOPE SWEEP AT THE END OF A CON- 
TROLLABLE TIME-DELAY PERIOD .. . convenient for observa- 


tion of occurrences after an accurately determined time interval. 





REND 
eda 


sm MAKE MORE ACCURATE TIME-INTERVAL MEASUREMENTS. 
~” A calibrated ten-turn time-delay control divides each of the 
twelve delay ranges into a thousand units. Range accuracy is within 
1%, incremental accuracy On any range is within 0.2% of full scale. 










4") TRANSFER PART OF A DISPLAY TO A FASTER SWEEP. 
“By initially displaying a signal on the extra, delaying sweep, 
and then transferring it to the main oscilloscope sweep, a continu- 
ously adjustable horizontal expansion can be obtained. Degree of 
magnification is determined by the time/cm ratio between the two 
sweeps. The average jitter of 1 part in 25,000 permits practical use 
of very large magnifications. Further, the exact por- 
tion of the display on the delaying sweep that will 
appear on the faster main sweep is positively identi- 
fied by trace brightening. Unblanking pulses for 
both sweeps are applied to the crt grid, causing the 
main sweep to show up as a brightened portion of 
the display on the delaying sweep. | 


5) ARM THE OSCILLOSCOPE SWEEP FOR TRIG- 
GERED ONE-SHOT OPERATION. A front-panel 
pushbutton or an electrical signal from a remote 
location can be used instead of the internal delayed 
trigger to arm the sweep. After the button is 
pressed, or the pulse received, the next trigger causes the 
main sweep to fire once and revert to the locked-out condi- 
tion. Photographic recordings of a single transient made in 
this manner cannot be blurred by spurious signals following 
its occurrence. Because the single sweep can be triggered any 
time after the button is pressed or the pulse received, the time 





TWO SWEEP GENERATORS 
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GREATER VERSATILITY PREFERRED 

Customer preference for the Tektronix Oscillo- 
scopes with a delaying sweep, Type 535 and Type 
545, indicates that the increased utility is valued 
at much more than the small additional cost. Appli- 
cation possibilities of these versatile instruments 
make them worthy of your serious consideration. 


TYPE 535 and TYPE 545 CHARACTERISTICS 
Delay Specifications 

A calibrated twelve-step range control and a ten- 
turn precision control provide for continuously- 
variable coverage of the full sweep-delay range— 
1 psec to 0.1 sec. Range accuracy is within 1%, 
incremental accuracy within 0.2% of full scale. 
Time jitter is less than 1 part in 20,000 in conven- 
tional sweep-delay operation. Display is completely 
jitter-free in triggered operation. The delaying 
sweep can be used as a rate generator, producing 
trigger rates from 10 cycles to 40 kc, continuously 
adjustable. The delayed trigger is available at a 
front-panel connector for external applications. 


Other Specifications 

Main-sweep range is 0.02 ,«sec/cm to 12 sec/cm 
continuously variable, with 24 calibrated steps ac- 
curate within 3%. Accelerating potential is 10 kv. 
Vertical- amplifier response with Type 53/54K Fast- 
Rise Plug-in Unit. . .. Type 535, dc to 11 mc— Type 
545, dc to 30 mc. Seven plug-in vertical preampli- 
fiers are available for complete signal - handling 
versatility. 


Type 535 (without plug-in units)... ... $1300 
Type 545 (without plug-in units). ..... $1450 


Prices f.o.b. Portland, Oregon 


Your Tektronix Field Engineer 
or Representative will be happy 
to furnish complete specifica- 
tions and arrange a demon- 
station at your convenience. 


ENGINEERS — interested in fur- 
thering the advancement of the os- 
cilloscope? We have openings for 
men with creative design ability. 
Please write Richard Ropiequvet, 
Vice President, Engineering. 


Tektronix, Inc. 


P.0.Box 831 + Portland 7, Oregon 


of occurrence need not be accurately predictable. Phone CYpress 2-2611 » TWX-PD 265 « Cable: TEKTRONIX 
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FACE 


INTERVIEWS HUTCHESON 
OF WESTINGHOUSE 


R/E 


e Recruiting foreign professionals 


lr. Hutcheson was interviewed at 
Westinghouse’s giant new research lab 
war Pittsburgh, Pa., by the Editor of 
RESEARCH & ENGINEERING. The 
iditor’s questions are shown in the 
larker type. 


Since we will be discussing research and de- 
velopment, would you first state your defini- 
tons for fundamental, basic and applied re- 
earch? 


7 


All research is the search for new sci- 
utiic knowledge. Our definition of 
fundamental research is: Research, the 
ijjective of which is the addition to 
ww scientific knowledge. Saying it in 
‘negative way, our fundamental re- 
earch program does not have any 
‘pparent immediate application to our 
wroducts. Basic research, on the other 
tand, and I’m sure you will bear in 
mind that these are arbitrary defini- 
uons for our own purposes, is research 
in those fields where new knowledge is 
weded to improve our products, or to 
make new ones. Applied research, as its 
ume Suggests, is the application of the 
‘ew knowledge obtained to the develop- 
nent of a new product or, perhaps, of 
‘new process, chemical, metallurgical, 
wt whatever. 


fv are going to spend a relatively large 
amount of time, effort, and money, on funda- 
mental and basic research in contrast to a 
maller amount on applied research. Are you 
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Accounting for research costs 


Bonuses for technical achievements 


Diversifying into chemicals 


required to justify this, in their own terms, to 
the stockholders and the board of directors? 
Our top management has faith in the 
people who are running this show. The 
Laboratory determines its own pro- 
gram and makes no accounting of it in 
the terms that you have in mind. We 
do tell the Board of Directors from 
time to time what we are doing (and 
may I add here that I think we are 
very lucky to have a Board of Directors 
which is not only sympathetic to our 
point of view, but definitely encourages 
us in it). There are two forms of evalu- 
ation that we enjoy: one is that given 
by the scientific fraternity generally 
and their acceptance of our work as it 
is published in the scientific journals, 
the comments they make about it, the 
odd prize that our people pull down 
from time to time; and the other is the 
evaluation that one can make of a sim- 
ilar kind of work that was done in these 
laboratories one or two decades ago— 
more likely two than one. With the 
passage of sufficient time, the value of 
the work becomes clear. 


Approximately 10 per cent of Westinghouse’s 
sales dollar is being spent in R/D. Could you 
break that percentage down into how much 
you spend in the fundamental, basic, and ap- 
plied, areas of research, and how much in de- 
velopment? 


I can give you a rough cut at the an- 
swer. Of the total amount of money 
that is spent for research and develop- 





Dr. John A. Hutcheson, Vice President, Engineering 
and Research, Westinghouse Electric Corporation. 


ment in the company, about 5 per cent 
goes into the operation of these labs, 
which I hasten to point out is not all of 
the research effort that is carried out 
in our company. So, I can only guess 
for you that, of the total amount, 
roughly 10 per cent goes into research 
as we have defined it here. I can be way 
wrong—it could be two-thirds of that, 
or twice that, but that’s the ball park 
we're in. 


Could you estimate how many of the research 
dollars being spent go for professional sal- 
aries? 

The salaries for all the people in the 
place, which includes not only the scien- 
tists but the cop at the gate, the main- 
tenance men, and this sort of thing, 
accounts for about 70 per cent of the 
total operation. Be careful of drawing 
conclusions from this because many of 
the things you see around here were 
built in our own laboratory and their 
cost includes some part of the salaries 
we are talking about. 


Do you have any thoughts or plans concern- 
ing the future of fundamental research at 
Westinghouse? 

Our present research operation is one 
in which we spend some 30 per cent of 
our total effort in fundamental research 
as defined. I think this will grow within 
the next few years until it will be about 
40 per cent; of our total effort. This is 
a perfectly arbitrary number that we 
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put the team 
approach to 
work for you 





Consult 
Evans Research 


You may be missing an impor- 


tant opportunity if your com- 
pany has not taken advantage of 
outside research! 

Evans Research, an independent 
chemical research and development 
organization, is ready now to join 
forces with your research staff. Our 
team approach determines which 
routes to explore; our project sys- 
tem makes sure that the right spe- 
cialists are assigned to your 


program. 


We will be glad to tell you how our 
team approach can bring the com- 
plete range of the sciences to bear 


on your problem. 


Research— 
Catalyst for Industry 


EVANS RESEARCH 


and Development Corporation, Dept. R1 
250 East 43rd St. New York 17, N.Y. 
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picked out of the air, but it is a number 
which we are aiming toward. 


To what extent is civilian research versus clas- 
sified or military research spread around the 
organization? 

The work that we do for the military 
of a classified nature accounts for, per- 
haps, 5 per cent of our total effort, 
perhaps not that much. That’s of the 
right order of magnitude. The rest is 
all done in the interests of the stock- 
holder directly rather than as a citizen 
of the country. 


Can you say specifically what particular areas 
of research work are stressed? 


I would say the major, but not exclusive 
efforts in the laboratory are in the field 
of solid-state metallurgy, and in chem- 
istry, particularly with respect to elec- 
trical insulation, and in physics gen- 
erally. 


We are particularly interested in the role of 
the chemist in electronics. Can you say what 
type of chemists you use and the ways in 
which they are applying chemistry to further 
the efforts of the electromechanical people? 
We require all types of chemists in the 
field of physical chemistry, for example, 
we deal with the problems of purifica- 
tion materials for use in semiconduc- 
tors. Organic chemists are important 
here. We'll have inorganic chemists 
again in fields of electrical insulation, 
and in lubrication, are becoming in- 
creasingly important as we later move 
to silicones and like materials. You 
might wonder why we are in these fields 
and why the chemical companies don’t 
take care of our needs. This is because 
our needs are frequently unique. Our 
demand for the chemicals that are pro- 
duced, is relatively very small and hence 
of little immediate interest to the major 
chemical companies. But to us they are 
critical, and for this reason, we have 
to do the work ourselves. 


Will Westinghouse diversify into chemistry 
commercially? 

To a certain extent we are already in 
the chemical industry. For example, at 
one time (I don’t know whether this 
is still true or not) we were the world’s 
largest producer of laminated plastic 
materials. These again we produced 
primarily because of our needs for in- 
sulating materials; but their uses in 
other fields—decorative, for example— 
has continued and we continue to sup- 
ply them for that sort of application. 
In fact, we have two divisions that are 
strictly chemical in their operation— 
the Trafford Micarta Division, and the 





i —a 


Dr. Hutcheson was the key man in the 
design and engineering phase of 
Westinghouse’s radar program during 
WWII. He was in charge of micro. 
wave research and the expansion and 
coordination of that company’s nm 
clear research program. A graduate 
of N. Dakota Univ. he joined Weg. 
inghouse in 1926 and rose through 
the pyramid of management to his 
present post, held since August "55. 




















Plywood Plastics Division, so-calla 
down in Hampton, South Carolina, & 
there is always the possibility that » 
will diversify into chemistry commer. 
ally, although I think it is pretty p 
mote. We have a tendency to stick 
our knitting, and our knitting useg th 
yarn of the electrical industry. 





How do you get an effective job of resear 
done? 


You get the most competent peopk § 
you can find, competent in the area ip 
which you are interested in having th 
research done. Then, let them chow 
their program and support them with 
everything that they can reasonably as 
in the way of equipment, assistance, 
and the like. But the key to this thin 
is the competent man with ideas—co. 
petent, able to do research. 


Is Westinghouse, in this particular laboratory, 
taking any steps to utilize some of the avd 
able technical brainpower of free Europe? 
Yes. When we learn of individuak 
in Europe of the kind you have in mini 
and find, as we often do, that thes 
people would like to come to this cou: 
try to work, we give them every opp: 
tunity to do that—help them get ove 
here, and fix them up with good jo 
when they get here. We do not, at thi 
time, go for the idea of laboratories # 
up in Europe. I notice that many othe 
companies are doing this. We gave thi 
a lot of careful thought and for reaso 
that are perhaps unique to Westin: 
house, we felt that this was somethin 
we could not do. 


Do you have fixed ranges of base saloy’ 
Are there additional compensations—defeme 
compensation, bonus arrangements, or ole 
types of financial incentives for R/D me’ 
We have a number of classifications ‘ 
employees that have varying base 
aries attached. These all overlap, ® 
that in fact we have a continuous * 
ary structure beginning with the lowe 
paid employee and running right up % 
the top pay given in the laboratey 
Westinghouse has an incentive comp 
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.- POLYURETHANE FOAMS 


Celanese serves this fast growing industry with basic chemicals and plasticizers 


What is your wish . . . acoustical insulation, clothing inter- 
liners or aircraft seat cushions? These and many more are 
sound applications for the new polyurethane foams. Start- 
ing as liquids, these chemical compounds expand up to 20 
times their volume, and cure in minutes into rigid or re- 
silient forms as required. 

A hundred-and-one industries already are prime markets 
for the producers of polyurethane foams. And the number 
is growing daily as manufacturers discover their many ad- 
vantages — particularly the advantage of flame resistance 


Basic reasons .........- Px 


Acids Functional Fluids Polyols 

Alcohols Gasoline Additives Plasticizers 

Aidehydes Glycols Salts 

Anhydrides Ketones Solvents % 

Esters Oxides Vinyl Monomers HI * 






which is imparted to the foams by the addition of a plas- 
ticizer such as Celanese Celluflex CEF. 

In continuous commercial volume Celanese also pro- 
duces trimethylolpropane . . . a high purity polyol with 
proven cross-linking properties . . . as well as propylene 
glycol and 1, 3 butylene glycol. These results of applied 
research are solving many problems in making the new 
polyurethane materials ever more useful and economical. 
Celanese Corporation of America, Chemical Division, Dept. 
548-L, 180 Madison Avenue, New York 16, N. Y. 


Celanese” Celluflex® 


£. 


»+ee+++.for improved products 


Agricultural, automotive, 
aviation, building, 
electrical, paper, 
pharmaceutical, plastics, 
surface coatings, textile. 


ICALS 
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Cearhead 
Motore 


BARBER 


COLMAN 





permanent magnet type with 
maximum torque output 


from 5 to 10 pound-inches 


ge 





Here are permanent magnet gearhead 
motors that can be used as small actuators 
to drive switches, programming devices, 
camera mechanisms, autopilots, flight 
simulators, and for remote positioning in 
industrial automation. Ideally suited for 
variable speed requirements due to ex- 
tremely stable characteristics over a wide 
range of supply voltage. The standard 
Barber-Colman BYLM motor with gear- 
head, as illustrated, is supplied with out- 
puts up to 1/10 hp and speeds from 
5,000 to 20,000 rpm less gearhead. Gear 
ratios for unit shown are available from 
9.5 to 55,446/1. Maximum torque out- 
put from 5 to 10 pound-inches (other 
type gearheads available with outputs up 
to 500 pound-inches). Send for free 
technical data. , 


The complete 
line of 
Barber-Colman 
d-c motors 





... includes both permanent magnet and 
split series types . . . in various mount- 
ings and speeds with outputs up to 1/10 
hp. Ideally suited to power electro-me- 
chanical actuators, switches, and pro- 
gramming devices. Also available with 
gearheads or blowers for special applica- 
tions. Whatever your problem involving 
small d-c motors, let Barber-Colman 
Company engineers help you find the so- 
lution. Write for free Catalog F-4344-3. 


Barber-Colman Company 


Dept. L, 1474 Rock Street, Rockford, Illinois 
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sation plan for which the administra- 
tive employees in the laboratory are 
eligible. That is to say, if incentive 
compensation is to be paid in addition 
to salary, a number of the employees of 
the lab are covered by this plan and can 
receive incentive compensation. There 
are a couple of other forms of compen- 
sation that all the people in the lab can 
participate in. These relate to inven- 
tions. Each disclosure of a new inven- 
tion is reviewed by a company-wide 
committee with the idea of finding the 
most valuable; and for those, the in- 
ventors receive an award of $50. On 
top of that, out of every 50 disclosures 
that are made from any organization in 
the company—the labs, for example— 
the one most likely to succeed is se- 
lected, and the inventor of this is given 
a couple hundred dollars. If there are 
co-inventors, $300 is split between 
them. On top of that, after patents 
have been issued, and have been in 
existence long enough so that their 
value can be determined, the inventors 
of the most valuable ones are recognized 
by special awards which may run from 
$2500 to $7500 per individual. 


Do you have any unique organizational as- 
pects, such as the supermarket approach to 
an individual’s work supplies? 


I don’t think we have anything that 
would be called unique. We have the 
supermarket supply approach, as you 
put it, but at least one other place that 
I am aware of—Bell Labs. has it, too. 
Probably it’s used elsewhere. It’s just 
a nice convenient way of handling that 
particular problem. I am not aware 
that any other organization unit or 
system we employ is unique in this 
business. 


You have an acting director, three associate 
directors, and one assistant director. Could 
you give some idea of how these men function 
as a team? 


The acting director is given the re- 
sponsibility of the laboratory as a whole. 
The associate directors help him in the 
technical direction of the work—if you 
can say research is directive. They help 
him in planning the overall programs 
which are brought into existence and in 
seeing that the existing programs are 
properly cared for. The assistant di- 
rector, perhaps a more descriptive title 
for him would be business manager, 
worries about maintenance of the build- 
ings, budgets, and that sort of thing. 


Do the heads of the various technical sections 
here handle all their own administrative prob- 
lems, or do you have a separate arm that 


gives them the administrative assistance 
need? r 

I suppose it’s like any other place, 
mixture. Where the scientific man 
pens to be an administrator as well, 
usually ends up having both 7 
ments. Where, as is more often 
case, the scientific man is not an 
ministrator or is a _ relatively jg 
efficient one, this man, who neve 
heads his operation, is given help in 
way by an administrative assistant wh 
takes care of the dull chores of life” 























Does this Westinghouse laboratory have a seh 
up whereby a man can advance purely in the 
administrative line, purely in the technical ling 
or perhaps in a combination of both? 


Any individual in the laboratory am 
progress just as far one way as th 
other—that is to say, the salary ranges 
for administrative work are parallda 
by exactly the same salary ranges for 
workers whose contributions are purely 
technical with no administrative ® 
sponsibility required or expected. Com 
sequently, the individual is free to make 
a decision to follow that path which he 
thinks he will be most likely to succeel 
in. If he likes administrative work, he 
can go that way—if he wants to remain 
a scientist with no administrative re 
sponsibilities whatever, he can go that 
route and end up in the same place. 



























































WESTINGHOUSE RESEARCH LABORATORIES 
SCIENTIST uses glowing nuclear reactor mode 
to study stresses deep inside the presse 
vessel, or “shell,” of a full-scale nuclear 
actor. Built to exact scale, the model is cor 
structed of a special plastic into which stress 
corresponding to those in the real react 
are “frozen.” Thin sections are then sliced 
from the model and examined under polarize? 
light, where the stresses show up as patter 
of colored light. Technique simplifies analys 
of stresses; facilitates design of the vessel 
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Millions of sharp, superheated particles, (photo shows 
alumina particles magnified 150x) traveling at high velocities, 
man quickly wear dust collector linings, mains, downcomers, etc. 
e Te Metals and most ceramics simply can’t withstand this harsh 

that abrasion. But some refractories can—even at temperatures 
as high as 2500°F. 


k, he 





Unequalled resistance to abrasion whether caused by tiny 
gas-borne particles or sliding steel billets—is one of the most 
useful properties of CARBOFRAX® silicon carbide refractories. 
For example, a CARBOFRAX dust collector lining on an ore 
sintering machine is still in use after 10 years service. 

And when abrasion is combined with high temperature, the 
exceptional resistance of CARBOFRAX super refractories becomes 
even more apparent and useful. When used in the exhaust lines 
of gasoline catalytic cracking units in temperatures ranging 
around 1200°F, these refractories lasted 3 years, as compared 
to alloy rings which lasted for 6 months. On a gas fired extrusion 
mill furnace—where steel skids lasted 5 weeks —CARBOFRAX 
refractories lasted 156 weeks. 

Wear resistance is not the only unusual property of these 
refractories. They also offer heat conductivity roughly 11 times 
that of fireclay, with sufficient hot strength to withstand 25 psi 
at 1720°C. CARBOFRAX refractories are but one of many super 
tetractories pioneered by Carborundum and offering a wide 
tange of unusual properties. 

Carborundum’s new magazine “Refractories” pinpoints many 
practical applications for these unusual products. The forthcom- 





sliced ing issue carries a feature article on “Wear Resistance”. Send for 
rized your copy today. 
terns 


Registered Trade Mark 





rims B leember 1956 






Refractories ...where abrasion is a problem 


VALUABLE INFORMATION FOR USERS OF: 
REFRACTORIES @ CASTABLE CEMENTS @ POROUS PLATES AND TUBES 
CATALYST SUPPORTS © OXIDE, BORIDE, NITRIDE AND CARBIDE 
HIGH-TEMPERATURE MATERIALS @ CERAMIC FIBER 


all in the new magazine “Refractories” 





—-— MAIL THIS COUPON TODAY 





Dept. $126, Refractories Division 
The Carborundum Company, Perth Amboy, N. J. 


Please send me the forthcoming issue of “Refractories”. 











II. . ., sceectitmenieninne 

Company a suetens sevcsinistienetitesiertiaieen inlets 
Street__ —— —_ . 
OEE — Zone State___. 





—— 
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. » » Indox I provides the designer with space 
conservation in a new direction . . . 


@ “...Indox I shows exceptional promise for use in 
traveling wave tubes... » 3 


. The high coercive force of Indox I permits both, 
or all, of the poles to be located on one surface of the 
magnet, so pole picces can be eliminated... 


@ “. . . Indox I magnets can be placed behind decorative coverings 
without an excessive loss in holding force—a significant 
design feature when equipment styling is important . 


M@ “... The high-temperature coefficient of Indox I 
opens a completely new field for permanent magnets .. . 


from “Applied Magnetics” 


FOR MORE INFORMATION CIRCLE 5 ON PAGE 48 
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If you use permanent magnets, ‘you 

should investigate the advantages of Indox I 
... the most significant permanent magnet 
development since the introduction of Alnico! 





Indox I opens new and wider horizons of design possi- application for magnets . . . permitting design changes not 
bilities. The applications listed below are only some of the always possible with Alnico. 


more promising. Investigate the advantages Indox I may hold for your 
Smaller size ...a longer effective life . . . lighter weight product. Our design and application engineers will be glad 
.. Savings in cost... improved performance ++. are just to help. And, because we make all types of permanent mag- 
a few of the benefits already reported by users of this _ net materials, you can be sure our recommendations will be 
ceramic magnet. for that magnet material which will do the best job in your 
Indox I is not a substitute for the magnetically stronger product. For prompt recommendations, without cost or 
magnets such as Alnico. Instead, it extends the field of obligation, call or write to Valparaiso today! 









































— i eeeiliaiiaeaiiinetl EEE . ny 
These special properties ae —— | 
of Indox I: ... Offer significant advantages in these applications: i 
1. Ne critical materials 7 ELECTRONIC Door closers (refrigerators) ELECTRO-MECHANICAL 
2. High coercive force *TV focuser (1, 2, 5, 6) Conveyors (automation) *Synchronous drives 
3. Magnetization before assembly Traveling wave tube (2,3, 5) “Toys and novelties (1, 2, 6, 7) 
*Loud-speokers (1, 2) . Motos ) 
4. High resistivity POLARIZING (2, 4, 8 : 
‘ HOLDING (1 3.6 7) Sonar d-c fields (2, 6) 
5. Low specific gravity ste ecg an a-c rotors (1, 3, 6, 7) 
6. Gat cheats Cabinet latches Magnetostriction 
"Can openers cleaning MISCELLANEOUS ‘ 
7. High potential energy *Holding assemblies homogenizing *Arc blowout (2, 4) : 
8. Low incremental permeability (flashlights, fishing poles) ultrasonics *Temperature control 
' Note: The numbers following each application, or group of applications, identify those 
' properties of indox | that moke it particularly well-suited to that product. 
*Indox | magnets ore currently being produced for these applications. 
ALNICO INDOX | ALNICO INDOX |! 
Conventional-type a Shaded area shows Note depth of Note shorter length 
television focuser type magnet. conventionally of drive unit made of 
used three — —- + simpler mount- designed magnet Indox I .. . whic 
magnets . ar ing. Thereare savings drive unit. also is lighter. 
shown to right. in space and weight. 
g — ene mmr ces mm ee Ss 
The Irtiana Steel Products Company World's Largest Manufocturer | 
- Dept. Q-12 of Permanent Magnets | 
Valparaiso, Indiana 
Please send “Applied Magnetics” (Vol. 4, No. 3). | 
| 
name 
Here's “Applied Mag- | 
netics” (Vol. 4, No. 3) ! 
which gives you ‘detailed comoany 
information on the | = 
design and a —— ~~ | 
of Indox I Ceramic ' oddress i 
Permanent Magnets. | ! 
Use this coupon to " j 
ask for your copy: city rone state 
! i 





INDIANA PERMANENT MAGNETS 
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Increased Metal Fatigue Resistance 
Any development that increases metal fatigue resistance 
is always happy news. Rhodex -CS- reputedly does that 
(the -CS- is for compressively stressed). The new 
rhodium plating process is said also to produce com- 
pressively stressed deposits, and to eliminate the curl- 
ing, cracking, and peeling common in conventional 
rhodium electroplate. The development is of special in- 
terest to those who have a high reject incidence of 
rhodium plated components caused by the metal’s high 
tensile stress characteristics. Illustrated is a test in 
which a Rhodex -CS- processed sample and a conven- 
tionally treated one were immersed in a solvent. The 
latter disintegrated into small crystalline flakes and the 
edges curled away from the base metal, demonstrating 
its inherent high tensile stress. The Rhodex -CS- sam- 
ple showed a continuous electroplated film remaining, 
the edges curling toward the base metal, indicating that 
the sample was indeed under compressive stress. 
Sel-Rex Precious Metals, Inc., Belleville, New Jersey. 


For more data circle 22 on page 48. 


Replaces Noble Metals 
Kennametal K501 is a_ platinum 
bonded tungsten carbide reputedly 
as capable as the noble metals of 
withstanding severe corrosive and 
abrasive conditions—and is cheaper. 
Typical applications: seal rings that 
can be used in handling fuming 
nitric acid, bushings, and metering 
orifices. Special parts for the chemi- 
cal industry have been fabricated of 
the stuff. 

Kennametals Inc., Latrobe, Pa. 

For more data circle 23 on page 48. 





Cold Punching Laminate 
Cold punching and cold shearing, designated P-25, 
a new paper-base phenolic laminate that punches 
clean and sharp at room temperature, eliminates 
hot punching shrinkage allowances and need for 
heating equipment. It has high insulation resist- 
ance and low dielectric loss at high frequencies— 
even in extreme humidity. P-25 is especially recom- 
mended for copper clad laminates used in printing 
circuitry. The developer is Synthane Corp., Oaks 
Pa. 


For more data circle 21 on page 48. 
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Floating Dollar Savers 

Evaporation losses annually rob industry of mil. 
lions of dollars; much could be saved through 
preventive measures. Mini-Vaps is a newly a 
nounced solution. Made of expanded polyethy- 
lene, Mini-Vaps are miniature floats containing 
thousands of tiny air cells for buoyancy ai 
light weight. They have the outstanding cheni- 
‘al and solvent resistance of polyethylene, ani 
in roughest use, cannot be punctured or broken. 
Surface contours of the floats provide for e- 
tensive interlocking and clustering at the su 
face of volatile solutions. They can be used w 
any tanked-fluid surface. American Agile Corp. 
P.O.Box 168, Bedford, Ohio. 


For more data circle 20 on page 48. 


Silicone Potting 

Using a new silicone rubber that cures at room temperature, engineer 
at Northrop Aircraft have developed a quick, easy, and almost foolprov 
guarantee of top performance for vital high impedance circuits. Afte 
electronic panels in the circuits are packed with resistors, capacitors, 
transistors, and other gear designed to record or transmit informatio 
during flight, the panels are coated with Silastic RTV, at room temper 
ture curing silicone rubber. According to Northrop designers a singk 
coating of the silicone rubber: 1. cushions vibration at low temperature, 
2. provides maximum moisture resistance, 3. improves all the electric 
properties of the panel, especially surface resistivity, and 4. protects the 
assemblies from possible rough handling. 

Another important advantage of the material is the excellent ease of i 
specting individual components after assembly. The silicone rubber ® 
simply slit open exposing the unit for easy removal. After the componetl 
is replaced, the slit is patched with the same room temperature curing 
silicone rubber. Application is with a Semco gun. 
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3 the * Reliable High Vacuum (Cam and piston displacement) Your verdict will be FAVORABLE when you review 
* Rapid Recovery of Vacuum all the facts. Request Bulletin 403 for additional data 
ie * Simple to Maintain or contact one of our competently staffed district 
oe . i na se offices in Baltimore, Chicago (LaGrange), Cleveland, 
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Letters 


Help Wanted 


We are interested in securing a circuit di- 
agram and parts specification necessary to 
build a pulse generator with approximately 
the following characteristics: 
@ pulse rise & fall time: each .02microsec 
@ pulse height range: 100millivolts 
@ pulse frequency: 60cy 
We desire to use this equipment in testing 
and servicing our scintillation gamma ray 
spectrometer. Any help you can give us 
will be much appreciated. 
Chas. S. Morris 
DEPARTMENT OF PHYSICS 
MANCHESTER COLLEGE 
NORTH MANCHESTER, IND. 


If any of our readers can help Mr. Morris, 
please write to him directly at the address 
given. 


Rebuttal 


In reference to your editorial in the No- 
vember issue of RESEARCH & ENGIN- 
EERING, I am submitting information 
which explains my position in regard to a 
formal organization of human engineers 
and the possibility of it “Taking Human 
Engineering Away From Us Humans”. 
(Mr. Peters recommended the formation 
of a scientific society which would in- 
tegrate the various human engineering 
disciplines. ) 

There is a vast quantity of basic research 
currently being produced in the field of 
human engineering. However, much of it 
remains in local technical reports of limited 
distribution. As you suggest, certainly 
more of this research could be developed 
into readable and informative articles of 
general interest and published in cur- 
rently available technical journals. How- 
ever, much of this research is not of gen- 
eral interest, although it is of considerable 
importance to those human engineers 
doing basic research in the field. 


The publication of such basic research re- 
sults, although of limited appeal, would 
gradually build a storehouse of informa- 
tion which would be gradually integrated 
and from which emergent concepts could 
be developed. It is from these concepts 
that general principles are formulated 


and find expression in new textbooks. With 
improved texts, colleges and universities 
could teach improved courses in human 
engineering oriented toward the more ap- 
plied aspects of this adjunct to the engi- 
neering sciences. The point is this: there 
is a need for some means of gathering, 
editing, and making available to human 
engineers the research results which are 
not of general interest but upon which the 
foundations of this new science must rest. 
One thing should be emphasized. The 
specialists from the various disciplines 
who work in the field of human engineer- 
ing are not attempting to do the work of 
any engineer. They are merely attempting 
to aid the engineer in his task of securing 
optimum design in situations involving the 
human variable. 


These specialists are. concerned only with 
supplying basic research data concerning 
man-machine interaction, developing basic 
human engineering concepts, preparing 
recommendations for engineers or serving 
as consultants to project engineers. The 
use of such specialists is but a reflection of 
the increasing use of a team approach to 
the complex problems presented to us in 
this complex age of rapid technological 
advances. 


Agreed: Too Many Societies 


I am in complete agreement with your 
editorial comment that a formal organiza- 
tion of human engineers would only add 
one more organization to a seemingly end- 
less array of American, National, Interna- 
tional, and State societies, associations, 
clubs, groups, lodges, chapters, etc. But, 
what means of communication are there 
between the workers in this field? Only 
mechanical engineers can join the ASME, 
only those with certain minimum educa- 
tion and experience in the field of psy- 
chology can join the American Psycho- 
logical Association, and so with each scien- 
tific discipline represented is the human 
engineering field. Certainly, each worker 
wants to retain his identification with his 
primary field, but there must be some 
means of unifying the effort and facilitat- 
ing communications between those workers 
actively engaged in human engineering. 
This needs a formal organization of human 
engineers. 


Such an organization would have these a 
ditional advantages: (1) It could coors 
nate the various specialized technical ay 
professional organizations interested 
human engineering. Thus, there would } 
less duplication of effort or working y 
cross purposes. (2.) It could promote ¢, 
teaching of human engineering concepts 
improving relations with educational }. 
stitutions and providing recommendatio, 
concerning the place of human engines. 
ing training in technical and profession) 
curricula, (3.) It could aid in developiny 
long range research plans for the a. 
vancement of human engineering practic: 
Greater coordination might be achieved 
basic research between the long range ¢. 
forts of government agencies, education 
institutions, and even private industry, 
Important research projects might even 
sponsored under such an organizatin 
Thus, such an organization does hay 
great merit. 










George A. Peters 
PICATINNY ARSENi 


Editor’s Note: Since Mr. Peters’ thoughth 
rebuttal to the November editorial was rv. 
ceived, another long letter supporting hi 
original proposal has arrived—too late fr 
publication in this issue. The Editor's reph 
to these and any other communications 
the subject of the proposed Society of Hv 
man Engineers and overspecialization wil 
be carried in the next issue. 


More on International Research 


Seattle, Washington 


In reference to your editorial on Inter 
tional Research in the October issue « 
RESEARCH AND ENGINEERING, Ia 
wondering if you are aware of the acti? 
ties of the European Office of ARDC. 0m 
of the prime functions of this office is % 
negotiate research activities in Europe} 
European scientists for American militan 
organizations and industrial concerns. 


This office is located in the Shell Buildin 
47 Rue Cantersteen, Brussels, and is unde 
the direction of Don Flickinger, Gener! 
U. S. A. F. 

Arthur T. Snyder 


Editor’s Note: Thanks for letting us a 
our readers know about the activities 
the Air Research and Development Cor 
mand. However, this group could not & 
expected to place R/D contracts in Buri 
for work unrelated to the defense ¢ft- 
According to Dr. Jesse E. Hobson, forme 
director of Stanford Research Institut 
who proposed the international researc 
placement group, progress on both sides @ 
the Atlantic is being made in setting ¥ 
such an organization. 
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Researchers: 





THE POSSIBILITIE 0 





; ITHIUM COMPOUNDS AS 


_ POLYM ERIZATION CATALYSTS 





commercial studies as polymerization 
catalysts in the manufacture of certain 


plastics, polymers and resins. The poly- 
merization reactions may be “addition” 


or “condensation” pro 





sions were only recently used to poly- 
merize isoprene to a “natural” rubber. 


PROCESSORS OF LITHIUM METAL+ METAL DERIVATIVES: Amide Hydride 
SALTS: Bromide « Carbonate « Chloride - Hydroxide» SPECIAL COMPOUNDS: 
Aluminate « Borate » Borosilicate - Cobalite « Manganite » Molybdate « Silicate 
Titanate » Zirconate « Zirconium Silicate 











| rbonate, to cite another 
example, is\a preferred catalyst for 
the esterification of tall oils. Again, 
lithium hydroxide has been found to 
be a superior catalyst for the manu- 
facture of alkyd resins. And work has 
been done with lithium hydride for 

ester interchange reactions. 


In case you have a catalyst problem in 
of highly re- 
department is 







making available information on this 
new and highly valuable research tool. 
Describe your application or request 
general information. 






| LITHIUM CORPORATION 
OF AMERICA, INC. 


2697 RAND TOWER 
MINNEAPOLIS 2, MINN, 





BRANCH SALES OFFICES: New York « Pittsburgh « Chicago « MINES: Keystone, 
Custer, Hill City, South Dakota» Bessemer City, North Carolinas Cat Lake, 
Manitoba « Amos Area, Quebec - PLANTS: St. Louis Park, Minnesota « Bessemer 
City, North Carolina» RESEARCH LABORATORY: St. Louis Park, Minn. 
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Scope with a Memory 


Another mechanism taking un- 
to itself the characteristics of 
the human machine is_ the 
Memo-Scope 103. Basically an 
oscilloscope, the device has the 
added feature of information 
persistence; capturing and re- 
taining any number of traces 
indefinitely. The traces are held 
at a constant intensity until 
intentionally erased, are readily 
visible in a brightly lighted 
laboratory, and may be easily 
photographed. Available’ in 
portable and _rack-mounted 
models from Hughes Products, 
International Airport Station, 
Los Angeles 45, Calif. 


For more data circle 3] on page 48. 
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Aligns Gyroscopes 


An Azimuth Alignment Theodolite, per- 
mitting alignment of gyroscopes within an 
accuracy of 2 seconds of arc, has been de- 
veloped by the Engineering and Optical Div., 
Perkins-Elmer Corp., Norwalk, Conn. Pre- 
cision gyroscopes control the path of planes, 
ships, guided missiles and the like. The in- 
strument automatically detects discrepancies 
in the alignment of a precision gyroscope by 
continuous observation of the reflections 
from a mirror mounted on the monitored 
unit. Any such discrepancies produce error 
signals in the theodolite which are applied, 
automatically or manually, as corrective sig- 
nals to the drive elements of the gyroscope. 
The, theodolite consists mainly of optical, 
mount, and electronic components. The in- 
strument is capable of accuracies within 2 
seconds of arc. 

For more data circle 32 on page 48. 


Micro-Second Meter 


A time interval meter designed for 
precise measurement of time between 
two events occurring in the range of 
10 micro-seconds to 1 second, is desig- 
nated the 250A. Optional features in- 
clude extension to 10 or 100,000 sec- 
onds. Accuracy is +10 microseconds. 
The measurement interval may be 
started and stopped by independent or 
common voltages representing optical, 
mechanical or electrical events. Typical 
applications: ballistics measurements, 
relay timing, photographic timing, test- 
ing of mechanical and electro-mechani- 
cal timing devices etc. Computer Meas- 
urements Corp., 5528 Vineland Ave., 
N. Hollywood, Calif. 


For more data circle 34 on page 48. 


Glow Know 


More than 3000 substances may 
be activated by ultra-violet 
energy to emit their own unique 
glow of fluorescence, can thus 
be identified, compared, or in- 
spected. A new fluorescence 
analysis cabinet for rapid, posi- 
tive identification under ultra- 
violet light, is being introduced 
by Ultra-Violet Products, Inc., 
of San Gabriel, Calif. Compact 
and self-contained, the unit can 
be used for in-the-field or labo- 
ratorv. analysis; it contains 
both short- and long-wave ultra- 
violet lamps, and white light. 

For more data circle 33 on page 48. 











Measures Thin Film; 


The effective ranges of interferometr 
and other techniques for measuring mole. 
ular dimensions are limited to 1000 Any. 
stroms. And though electron microscops 
allow lower image resolution, it is neg. 
sary to use indirect shadow techniques j 
measuring thickness. The Quantum Ellip 
ometer is a polarizing spectrometer thy 
can measure directly the thickness of film 
from severai to many hundred Angstrom: 
Its use is therefore indicated in fick 
where very thin films are to be examine 
—lubricants, surface coatings, adhesive 


For more data circle 37 on page 48. 








Looks into Metals 


A new vacuum heating stage for 
studying metal micro-structures a 
temperatures up to 1100° C., has been 
announced. It has particularly ap 
plicability in the fields of trans 
formations, recrystallization, grail 
growth, and other areas of metal 
lurgical research. A special 40X ob 
jective with an extra-long working 
distance of 5-8 mm is available t 
allow observations and photographs 
at magnifications up to 800X. After 
any given temperature has beet 
reached, argon gas may be intr 
duced as a quench and the resulting 
structural changes in the sample ob 
served. The vacuum heating stage 
can be used with any metallurgical 
microscope of the inverted type. Uni- 
tron Instrument Division of United 
Scientific Co., 204 Milk Street, Bos 
ton 9, Mass. 


For more data circle 36 on page 48. 
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50 YOU’RE GOING TO MAKE A 
SPEECH 

(Continued from page 15) 

nt and its form. The triumph is an optimistic name for 


Hie event; half the battle is in the method of staging and 
Hie speaker's own general demeanor. 


ithe Tools of Successful Speaking 

The first tool is so obvious that it should hardly be worth 
yentioning—but it is. It is simply pronunciation. Nothing 
Film 4s 90 distracting and uninspiring in an educated group as 
rome tispronunciation of reasonably common words. And, closely 
 mole.g tated, is bad enunciation. 

0 An. One of the best ways to combat bad pronunciation hab- 
scope its is to listen to yourself. For instance, try recording this 
| ee wragraph, taken, as are those that follow, from the 
ques ni Yokes-Carpenter book-record combination, “A Training 
Ellin: f curse in Effective Speaking” (Funk and Wagnalls) : 


er that 
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Test Paragraph 

‘For the economic facts of government, it is mandatory to 
wsult the Library of Congress. Look in a book titled ‘Report 
{the Bureau of Finance’. In the second column to the right, 
wll find the status of every processing executive. You'll 
won see Where your money is being distributed.” 

Almost every word in that paragraph is frequently mis- 
wonounced. How did you pronounce the word “govern- 
nent”? Was the letter “n’” pronounced or did you say 
‘overment”? Did you cay “Congress” or “Congriss’’? 
‘library” or “libary”? “Your or “yer’’? 

It isn’t so important to have your pronunciation entirely 
«curate in the precious sense—but sloppy enunciation is 
urd to understand and detracts importantly from the 
mpression you want to create. 

I's not necessary to be an actor to be a good speaker, 
ind the old platform gestures are distinctly out of style. 
The underlying principle, however, is just as sound today 
8 it was in elocution class. The accurate expression of 
titudes while speaking is an important help in getting 
«rss what the speaker really means. The fact that these 
uechanical aids have been supplanted by a subtler form 
no way invalidates their intent. 

But the subtle method doesn’t always work. For instance, 
wmetimes the speaker in trying to convey conviction just 
winds angry. The audience is confused and out of tune 
vith the speaker. 

Here’s another place to bring in the recording machine 
~and a sympathetic wife or colleague. Read and record 
tt following test paragraph several times, each time try- 
gto express: (1) conviction; (2) sympathy; (3) humor; 
{) deliberation; (5) enthusiasm; (6) drama. 


Test Paragraph 
“When the Congress was arguing about our budget for the 


‘ming fiseal year, I decided to find out, if possible, just what 
‘was going to mean to my family. So I sent to the Census 
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Bureau for a lot of figures, and sat down to study.” 

Now, listen closely to your recordings. Does your voice 
properly convey the attitude you intended? Ask someone 
else to guess what attitude you intended. Practice this exer- 
cise until you are sure that each attitude gets across. 


Use of the Pause 

The simplest but most effective tool of the experienced 
speaker is the pause. The dub either ignores the pause by 
running along like a freight train, or misuses it by filling 
it with “ohs” and “uhs”. Intelligent use of the pause acts 
very much like the use of white space in an advertisement 
—it emphasizes what you want to say. 

The following test paragraph will help you to learn to 
use the pause effectively. 


Test Paragraph 

“Great moments in history/are many./ If you had the op- 
portunity to choose,/ at which ones would you have liked to 
be present?/ Might one have been when a tired president once 
said ://‘Four-score and seven years ago .. .”/ Yes, that would 
have been an occasion./ Or perhaps you might like to have 
been present on the night in 1776/ when a light flashed forth/ 
from an old North Church. /‘Those were times to stir men’s 
souls./ Perhaps to see courage thrills you most./ Then how 
about this one:/ Damn the torpedoes, full speed ahead.’// 
‘Damn the torpedoes, full speed ahead.’/ Yes, ladies and gen- 
tlemen,// history still lives.” 


There are two kinds of pauses: the natural pause and 
the pause for meaning. In the paragraph above, one di- 
agonal line (/) indicates a natural pause; two diagonal lines 
(//) indicate a pause for meaning. Read the paragraph 
aloud, observing all pauses as marked. Reread it until you 
can present it easily, with full use of pauses for variety 
and emphasis. 

The use of the pause to give special emphasis to an im- 
portant highlight of your speech can be very effective. Read 
the paragraph again, this time placing deliberate empha- 
sis on the phrase, “history still lives”. To do this, you must 
begin to slow down a sentence or two before the important 
point. When you arrive at the point to emphasize, stop. 
Then slowly and deliberately drive it home. 


Beating the Monotone 

One of the most annoying symptoms of bad speaking, 
prevalent in the adult world and in the elementary school 
auditorium, is the monotone. Technically, this is simply 
failure to use pitch—the ups and downs of your voice— 
to help retain interest in your speech. Unless you act on 
“Dragnet”, you don’t talk in a monotone in your everyday 
life, but some of the most animated conversationalists re- 
treat into a monotone when they are faced with an audience. 

First thing to do is to prove to yourself that your voice 
has pitch. Speak the word “one”, then say “two” on a 
slightly lower pitch. Continue saying numbers in a descend- 
ing pitch until the result is no longer suitable in conversa- 
tion. Then do the same thing starting with the initial tone 
and ascending the scale. 

The total of the number of notes above and below your 
initial “one” indicates the range of your speech. Actors and 
singers need a very wide range; all you need to do is use 
the range you’ve got. 

To illustrate the importance of varying inflections, say 
the following three sentences: 

Well, what are you going to do? 
Well, it finally happened. 
Well, go on with your point. 








Note how it is necessary to speak the word “well” in 
three different ways. In the first sentence, a rising inflec- 
tion is used; in the second, a falling inflection; in the third, 
a level inflection. The sense of all three would be weakened 
without the proper inflection. 

Another tool of the experienced speaker is tempo. We’ve 
seen how he varies it through the use of pauses. 

But most importantly, he controls the tempo and doesn’t 
let it control him. Commonest error is speaking too fast, 
usually the product of nervousness. It’s always safe to con- 
sciously slow down, just as it’s better to overexpose rather 
than underexpose a negative. 

A good general rule is to gauge your speed according to 
the size of your audience—-the larger the audience, the 
slower the speed. 

One of the problems in teaching children to read is to 
get them to read in groups of words rather than in indivi- 
dual words. Of course, such an overall view of the para- 
graph is the key to understanding. This same principle 
applies in public speaking. 

Inexperienced speakers, when reading a speech, often 
become so fascinated with each individual word that they 
forget the meaning of the text. The key, not only to deliv- 
ery but to remembering what you’re going to say, is to 
deal in thoughts and ideas instead of specific words. 


How to Ready the Text 

All right, let’s assume you’ve taken your lessons and im- 
proved your delivery. Now you’re facing an actual speak- 
ing date. What are the important things to do to get your 
manuscript in workable order? 

One business executive—the chairman of a large insur- 
ance company—is perfectly honest about it. He says: “I pick 
brains. When I must make a speech, I ask a number of 
my friends and associates to write out for me what they 
would say on the assigned subject. These I take home and 
pender. Then I confound my helpers by writing a com- 
pletely new speech, but their thoughts are a stimulus.”’ 

Another good rule is to keep it short. There are few 
speeches that have been made in this world that could not 
have been improved by cutting. You need only yourself 
as a witness to convince you that it is much easier to keep 
an audience interested for 15 minutes than it is for an 
hour. And, quite frankly, the fact that the world’s greatest 
leaders manage to deal with the most complicated subjects 
in thirty minutes leaves the rest of us with little excuse 
for taking longer. 

One of the worst insults to an audience is the speaker 
who is obviously only barely familiar with what he plans 
to say. It’s not necessary to memorize it or to read it, 
word for word. If it’s organized into thoughts, prepared in 
convenient form, and has been read over a half a dozen 
times, it won’t be too difficult to deliver convincingly. 

Some people prefer notes, and some prefer a typewritten 
copy. In either case, triple-space and use type consistent 
with the quality of your vision. Never use onion skin or 
high quality bond paper because they crackle and are par- 
ticularly distracting if a microphone is used. 

A particularly good trick is to mark up your manuscript 
with pause and emphasis marks. Use a single diagonal line 
for a short pause, and a double or triple line for longer 
pauses. Use single and double underlines for emphasis. 
And use dotted lines to indicate a slowdown. Most experi- 
enced speakers use some such system, and after marking 
their own speech find themselves following the markings 
almost without referring to them. 
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The Triumph! 

Whether this subhead is accurate will depend not on) 
upon how effectively the speaker has mastered his too 
and prepared his manuscript, but how carefully he map. 
ages his staging. 

In the first place, make sure you know the kind of andj. 
ence you are talking to. Thomas R. Reid, as Vice-Prej. 
dent of Human Relations of McCormick & Company, sai: 
“Public speaking is no more than private speaking multi. 
plied . . . Get advance information on the size, type, an 
interests of your audience . . . Then spend the time duriy 
luncheon, dinner, or introduction re-evaluating it by actual 
observation...” 

It’s almost as important to know the conditions under 
which you’re going to speak as the type of audience. Hoy 
large a hall will you be in? Will you have a microphon 
available? Will you have a podium, or will you have tp 
shuffle your own papers? Usually, if you check befor. 
hand, you can contro] the conditions and get what is best. 

Most experienced speakers neither drink nor eat too much 
before their “performance”. Food takes blood away from 
the brain and temporarily unsharpens the mental processes, 
Most after-dinner speakers reverse the process. 

When you get on your feet, don’t fidget. If you find it 
difficult to stand straight and still, lean on your podium 
or perch on a table to avoid distracting the audience. Th 
important thing here is to be relatively immobile, so that 
your audience’s attention is not taken up with watching 
your gyrations. 


Hy 5 
Ee. f= 13 


Your hands can be useful in emphasizing points, but if 
you insist on using them to shuffle your papers, keep them 
in your pockets. 


Watch “Ohing”’ and “Uhing”’ 

Next to fidgeting, the worst delivery fault is “ohing” and 
“uhing”’. Even more important than confidence in conquer 
ing this nervous habit is familiarity with your material 
The “oh” and the “uh” is usually the mark of the slow 
thinker who has not properly done his lessons for the speech. 

But what happens when you sense that you don’t have 
your audience, for all these preparations? Harry A. Bullis, 
board chairman of General Mills, has a piece of advice here: 
“Tf your speech is not going well, use some dramatic device 
such as a pause, a story, a change of pace, or unusual us 
of voice inflection. . . if your text is at fault, extemporiz, 
if this is possible. . . The first five minutes usually deter- 
mines the success or failure of a speech.” 

An almost sure device for getting the audience’s atte? 
tion back on the track is the fake pause. Just stop abruptly 
for a minute, and watch the audience snap to attention. 
Then go on as if nothing had happened. 

Neither the tools, the text, nor the staging of the evett 
can assure a real triumph, any more than all the speech 
training in the world is going to turn the average technical 
man into a Demosthenes—but these few hints, taken just 
as seriously as he takes the multiplication table, will help 
him do a more effective job of projecting himself. And this 
will be good for him and for his company. END 
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Saving 
Drafting 


Dollars 


Suggestion: turn-in frills 





and furbelows for tailored 


necessities. 


One dominant theme in current discussions of industrial 
mblems is the skilled-personnel shortage. The condition 
wat least be alleviated by making the most efficient use 
i what is available. And this is as true in drafting sec- 
ios as in any other. 

J, H. Bergen, standards administrator for the American 
‘achine and Foundry Company, reports savings in draft- 
tg time up to 55% by virtue of an 11-point program re- 
ulting from studies in the Greenwhich, Connecticut plant. 
The studies showed that a group leader spends 43% of 
isday gathering information, 27% giving it to others, and 
remaining 30% in small talk, smoking, hand-washing, 
reel sharpening, memo reading, and similarly vital func- 
tions, 

The checker spends 13% of his time acquiring informa- 
mm, 62% checking, and 25% unproductively. Draftsmen 
“uired information for 23% of their time, spent 53% 


jwking on layouts and details, and 24% in nonproductive 


tivity. 

The average percentages worked out to a fairly good 
tductive-nonproductive time split of 73% to 27%. AMF 
ainot seek to better the time split, sought rather to make 
eer use of the existing productive portion. 

One action taken was the addition of clerical help to act 
Skgmen for the more expensive board people. The clerks 
“catalogues and supplies, sharpen pencils, and generally 
mke themselves useful to the designers and detailers. 
‘nerall efficiency of the drafting section improved consid- 
‘“hly even though the clerks were sometimes used inef- 
itiently; the wide wage differential making the difference. 


beember 1956 


Continued study of the drafting operation showed that 
design engineering costs could be broken down into about 
five items: 15% of cost was spent preparing to do a job; 
45% on design and detailing; 28% on checking, 4% to re- 
lease the completed work; and 8% were miscellaneous costs. 
It was found, further, that as much as 38% of the drawings 
produced on development-type work were obsoleted before 
the item went into production. 

Little else could be done to improve the basic efficiency of 
the men, but anything that could be done to remove some 
of the unessential work from the drawings would reduce 
their time cost: 4.5 hours per square foot. More time could 
be spent on functional design than on frills and the percent- 
age of void drawings would be reduced. The 11-point pro- 
gram for simplified drafting was here introduced. 


The 11-Point Program 

“Use descript’on to reduce drawing. Words can often be 
used in place of drawings without sacrificing clarity. For 
example, a description of a cube, which has height, width, 
and depth, is entirely understandable since the reader auto- 
matically forms a mental picture from the description. A 
drawing is not required. 

“Use description to eliminate projected views. Using the 
term diameter on a side view can frequently eliminate the 
necessity for an end view. Further, by describing material 
(e.g., hex stock in the title block), an end view for special 
hex-headed stud can be eliminated. 

*Omit elaborate pictorial or repetitive details. Most drafts- 
men consider it a cardinal sin to duplicate dimensions 
without noting the duplicates as reference dimensions. How- 
ever, by standard drafting practice, draftsmen draw three 
views and show even the most minor item in all of them. 
This makes for confusion. Where the simplified practices 
are followed, dotted lines indicating hidden surface might 
be eliminated in several views. The drawing then becomes 
less confusing to the man in the shop. 

*Use key legends to indicate hardware. Outlins of screws, 
nuts, and bolts, are used only where it is necessary to 
show the position of a particular piece. Draftsmen some- 
times go to artistic excess showing not only a round-head 
screw, but also the screwdriver slot in the screw’s head, 
the socket in the hex-head cap screws, and so on. A 
key list of hardware parts in the lower right-hand corner 
of the drawing is used in place of repetitive details. The 
advantages of having all such information organized in one 
place are obvious. 

*Use dotted lines only to aid clarification. Under conven- 
tional drafting practice it would be necessary, in almost 
any case, to show a drilled or tapped hole: one view to show 
the centerline of the hole, and the hole itself fairly close to 
scale; the other to show the hole’s depth. Both views in- 
volve dotted lines. But the lines and the extra view can be 
eliminated by merely adding a note specifying the hole’s 
size and depth. 

*Eliminate most cross-hatching. It need be used only 
where it will aid clarification by emphasizing parts that 
might otherwise be difficult to see. Standard drafting prac- 
tices include several symbols for various materials, but 
there 1s no effort made to indicate particular type of mate- 
rial within a general range. For example, one symbol is used 
to represent all steel, no effort being made to indicate 
whether the steel is 1010 or 4160. And yet the important 
point is not that a part is made of steel, but that it is made 
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KEARFOTT offers the systems manufacturer the 
most complete line of precision made components 
available anywhere. Quantity production 

enables quick deliveries and reasonable prices. 


SYNCHROS— Transmitters, Control Transformers, 
Resolvers, Repeaters, and Differentials in 

Bu Ord Sizes 8, 11 and 15. High Accuracy and 
environmental resistance. 


SERVO MOTORS—High torque, low inertia Servo 
Motors, Inertial and Viscous damped Servo 
Motors, in Bu Ord Sizes 8, 11, 15, 18 and 23. 


TACHOMETER GENERATORS — Available as 
damping generators, rate generators and 
integrators. They feature high output to null 
ratio and extremely linear outputs. Temperature 
stabilization may be provided. 


GYROS— Directional, floated rate integrating, 
free, vertical, and spring restrained rate gyros for 
all airborne navigation, stabilization or fire 
control applications. 










Bulletins giving physical 
and technical data of the 
various Kearfott Products 
will be sent on request. The 
Kearfott organization is 
available to assist in the 
development and 


earjott 
manufacture of other 


precision components you 
may require. A SUBSIDIARY OF 


F 
| KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Soles ond Engineering Offices: 1378 Moin Avenve, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenve, Posodena, Cal?f. 
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of a particular steel. The same argument holds for may 
other materials. 

Analysis of the use of cross-hatching shows that it is ga. 
erally used on assembly drawings to show how parts got 
gether. But a man assembling the parts need not know th 
material of a part, but only how it fits into the assembly, 


*Use symbols to indicate various hole sizes. Besides gp. 
inating human and mechanical errors, time is saved he 
The need for drawing the hole can be eliminated altogeth 
by using a symbol, such as A, B, or C, where the cent 
lines for each hole cross. Corresponding notes, identify 
with an A, B, or C, give the required information with» 
confusion whatever. 


*Avoid hand lettering. Typing notes not only reduces mi 
spelling and illegibility, but also provides information } 
a standard form. A glue-backed transparent paper appliq 
is excellent for this purpose. 

When a draftsman completes a drawing, he gets a checker 
print and writes on it the notes that apply to the dra. 
ing. The checker checks print and notes, gives them to; 
typist who types the information on the applique. Detail: 
check again, and apply the applique to the tracing. It is: 
time-consuming procedure but no more so than hand-lette. 
ing; and it saves the more expensive time of the letter. 


*Avoid the use of arrowheads. If a draftsman is ati 
careful in preparing them they take considerable time ! 
he is not careful, they may fall short of or exceed the exte- 
sion line. In either case sloppy work is expensive but does 
tell a story, careful work is time consuming. By elimini 
ing arrowheads completely, or by using a dot in their ste 
the same information is conveyed. 


*Use datum lines for dimensions. In using datum ix 
dimensions, a zero is shown as a starting dimension, a 
the actual dimension is placed between zero and an exit 
sion line directly above the datum extension line. Drawings 
thus prepared need no dimension lines at all, are clea 
in appearance and less confusing. 








*Use freehand sketches wherever possible, rather th 
drawings made with a machine or straightedge. But fr 
hand methods are avoided on any sheet larger than lix2 


Results and Thank you’s 

Mr. Bergen noted improved efficiency to 55% but ca 
tions that the successful application of these practices * 
quires that reliance be put on the people making the dr 
ings to use their common sense in adopting them as tht 
see fit. They are suggestions and not commands. 

AMF received thousands of requests and acknowlkit™ 
ments for the simplified drafting recommendations. 
recipient wrote: 

“Dear Sir: 

Your simplified Drafting stinks. Sloppy drawings ™ 
sloppy work, I don’t suppose you wear a necktie—takes © 
long to tie it, no use to shine your shoes—costs too mit 
and takes too long; calendar pin-up girls on your walsé 
home give the same general effect as old masters; spoiit 
work in the shop is cheaper than a decent drawing. Te 
our youngsters to be sloppy workers—forget part of wo 
manship—Get back on the beam—does a few bucks me 
everything to you? Better spend a few hours taking sti 
of yourself.” | 
“As you can see”, says Mr. Bergen, “simplified drafting* 
a controversial subject.” 
















Research & Enginet™ 











tom “ 


—_—- 
o~” 
® 3 
F.. 

4 













ag 


ae oe 











ee 








(functionally, without running the engine) 
Ss 













T-34 Turbo-Prop 














This NEW “*J"’ Engine 
Model JETCAL Pratt & Whitney 
Aircraft 


contains NEW... 
1) Takeal, 2) ““Ta'Pot"’ 


ut fre Potentiometer, 
17x23 3) Ruggedized Light- 
Beam Galvos, ANALYZES JET ENGINES 10 WAYS: 


4) Test Circuits. 





1) The Jetcat Analyzer functionally tests EGT thermocouple cir- 


ut Cal cuit of a jet aircraft or pilotiess aircraft missile for error without * 
. running the engine or disconnecting any wiring. GUARANTEED 
ces Te Accuracy is +4°C. at engine test temperature. 
j } i j 2) Checks individual thermocouples “‘on the bench” before place- 
e drat Two of the most important factors that affect jet engine life, a  ~ 
as the efficiency, and safe operation are Exhaust Gas Temperature 3) Checks thermocouples within the harness for continuity. 
. . 4) Checks thermocouples and paralleling harness for accuracy. 
™ (EGT) and Engine Speed (RPM). Excess heat will reduce 5) Checks resistance of the EGT circuit without the EGT indicator. 
ow +“ Bb 4 6) Checks insulation of the EGT circuit for shorts to ground and 
t. bucket” life as much as 50% and low EGT materially reduces ype tay wnat Ae 
- efficiency and thrust. Any of such conditions will make opera- 7) Checks EGT Indicators (in or out of the aircraft). 
i . 8) Checks EGT system with engine removed from aircraft (in pro- 
tion of the aircraft both costly and dangerous. The JETCAL duction line or overhaul shop). 
. . 9) Checks aircraft TACHOMETER system accuracy from 0 to 110% 
te Analyzer predetermines accuracy of the EGT and (inter- RPM with guaranteed accuracy to within +0.1% in the operat- 
. . . ing range. 
7" relatedly) Tachometer systems and isolates errors if they exist. 10) JeTCAL Analyzer enables engine adjustment to proper relation- 
kes ta ship between engine temperature and engine RPM for maximum 


thrust and efficiency during engine run (Tabbing or Micing). 


0 mut! The JETCAL is in worldwide use. Used by U. S. Navy and ALSO functionally checks — Geen Detectors one 
vals & Air Force as well as by major aircraft and engine manufac- by using TEMPCAL Probes. Rapid heat rise... minutes to 
i ° . . . 800° F" Fast cycling time of thermal switches...4 to 5 com- 
Te! turers. Write, wire or phone for complete information, plete cycles per minute for bench checking in production. 
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t Coast Office: 427 East Grand Avenve, EI Segundo, California 
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Why not brief us 
on your problems 
involving special 


COATINGS ? 


We manufacture many types of 





vacuum-deposited coatings kt Reference file on vacuum-deposited coatings. 
’ te Data on reflection, transmission, adherence, 

‘ y ‘ ane 

and were both willing and pre hardness, durability, water resistance and other 

pared to work with vou on your characteristics. Covers these coatings: 


Aluminum First Surface Mirrors 
Chromium First Surface Mirrors 
Gold First Surface Mirrors 
Neutral Filters 

Transporent Mirrors 

Beam Splitters, High Efficiency 


= , of {low or no light absorption loss) 
Whatever the nature or size of een eee 


> Beam Splitting Dichroic Filters 
your problem, why not put it Metallic Electrically Conducting Coatings 
Transparent Electrically Conducting Coatings 
Beam Splitters or Dichroic Mirrors 
(with transparent electrically conducting coatings) 
Low Reflection Coatings 


WRITE FOR YOUR REFERENCE FILE 


special problems. In fact, it is a 
key part of our business. 


up to us? 








LIBERTY vacuum-deposited COATINGS 


LIBERTY MIRROR DIVISION 


LIBBEY°OWENS:*FORD GLASS CO. 


BRACKENRIDGE, PA. 
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HEVI-DUTY 


TUBE 
FURNACES 


for temperatures 
to 2600 F. 


The Hevi Duty Combustion 
Tube Furnace is a complete unit 
ready for use. All the temperature 
control and indicating devices are located , 
in the furnace base. A tap-changing transformer equipped with 
two selector switches offers you 48 steps of temperature control. | 
This design allows close temperature regulation which means | 
savings in power and maintenance. An indicating pyrometer and | 
ammeter are mounted for easy observation. Easily replaceable 
Silicon Carbide heating elements above and below the ceramic 
tube provide a uniform heat throughout the 12” chomber. Tubes 
of 1” to 2” O.D. may be used by substituting end plugs. 






See your Laboratory Supply Dealer or write for Bulletin 254. 






HEVI-DUTY ELECTRIC COMPANY 


LABORATORY FURNACES mucri 
MILWAUKEE 1, WISCONSIN 


PLE UNIT evectric exciusivery 
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him. Where assignments are made to committee mem 
on a result of the meeting, I like to see each person's 
signment spelled out. A way of doing this is for the sm 
tary to underline the assignment as it appears ip § 
minutes on the copy going to that individual respons 
for the action. The person receiving the minutes cap ; 
his assignments at a glance. The chairman's copy shoy 
of course, be annotated by the secretary so that it js 
for him to ask for reports on the actions to be takey. 


Should the Boss be the Chairman? 


discuss 

From 
that th 
wation 
Thich : 
sroblen 

Mr. | 
Vr, Fa 
bout 2 


It is not necessary that the highest ranking person o™™S 2° 

















duct the conference or meeting. Rather, the person whohg™ # 
the problem or who knows what he wants to accompl ore 
should conduct it. Often the highest ranking person is: owe 
the best qualified to conduct the meeting, and it is am i. 


take, in my opinion, to let him conduct it simply ot @.. be ¢ 


deference to his rank. tis dep: 
access 

On Treating the Human Dynamo te cha 
Dr. Robert Lobstein of Los Angeles writes in answer to fow. 
question I posed in my October column as follows: 's staf 
“... IT -can not answer your question (how to treat the hum yyy q, 
dynamo) with a ‘yes’ or ‘no’ or a ‘right’ or ‘wrong’ ...“Mtalong 


‘standard’ creative engineer (I do not want to use the tay) the 
average), will work with his co-workers, both above and beg dange? 
him. These engineers have the patience and understanding. these 
“Now as to the dynamic engineer who cannot work in regal Disey 
hours, who cannot accept orders or give orders, he himself Mi} goy. » 
to decide how to work and when to work. For this type of Gai: ea: 
gineer, there is no place in a factory, in a research labora} ty. gy 
of an enterprise or in an engineering department. He belong: Som ». 
a research institute, or better, in a university where he can Wj i» jie. 
as he wishes. ther are 
“A good management will find the right solution for sair@] is y, 
and working hours and the results can be rewarding for ¥ 
sides. But it would be a great mistake to make a laborer ou! Wore o1 
a high-level engineer with ingenuity, inventiveness, inspire0@] L, Pe: 


instinct and originality.” ‘The | 
mas yet 
Discussion of the Servocomp Case vhedule 


Discussion still comes in on the Servocomp Case which Ling 
presented in the April and May issues of this year. The Sj 21 in p 
tion portrayed is so common that I have been accused of hav tere is 
pipelines into any number of organizations! Here lies the (jj Um, 
solation: If you think you are fouled up, you should se * ‘Tt mi 
of the other organizations! ts fact 

I have a reply from a person who wishes his name and COS Petion « 
pany affiliation to be withheld. He is very harsh with the 2 “anicat} 
search Director, saying “he could not even manage & Ugg bett 
stand”! Assuming he were the Research Director, he * strong 
@ Call in the division head slated for the axe and nego] “jire , 
his termination, effective at once or deferred and the terms B® "me of 
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¢ Call in the department head slated for the shelf as a con- 
aitant and tell him of his new status. 
» Make tentative plans with the other two for allocation of 


Ayrsonnel and assignments. 


¢ Promptly post a notice to inform all personnel of the changes. 
My correspondent’s principles of management were nearly 
Jentical with those submitted by L. G. F. Jones in the column 
yst month. I liked particularly this writer’s reply to the ques- 
ion “What responsibilities does the man who was Division Head 


\o. 4 have for bringing the morale factor to the attention of 


+e Research Director?” My correspondent replies as follows: 
‘le has the moral responsibility to display leadership and 
eurage. (He is in a leadership post until he is officially re- 
moved). If courage requires that he walk in and provide for the 
eurity of his men (their peace of mind and productivity are 
art of that security), then his job calls for courage and forti- 
nde, Neglecting his clearcut duty will not change the ultimate 
wteome. Everybody recognizes that he is through. He can at 
ast step out with dignity and self respect.” 


liscussion of the Unenthusiastic Manager 

From some of the correspondence received, it would appear 
dat the case Was not as simple as supposed. In the final prep- 
wation of copy for the printer, a change was made in wording 
tich makes the problem somewhat ambiguous. Here is the 
moblem again in somewhat different words. 

Mr. Goff is Director of Research. Mr. Fall reports to him. 
ir. Fall has three sections in his department with a total of 
out 20 people. There has been an organizational change which 
ies not affect the reporting of any of the persons but does 
man that there will be a cut back in technical work. Respon- 
dility for the remaining work will be given to another de- 
wiment. Mr. Goff believes this other department is more 
ompetent to handle it but Mr. Fall feels that his own depart- 
mat is better qualified. Fall presents his reasons for feeling 
she does. He advances the argument that the personnel in 
is department will resent being bypassed. Mr. Goff, after un- 
secessfully trying to convince Fall this isn’t so, tells him that 
te change will go into effect despite his opposition. 

How does Fall proceed? How does he announce the change to 
13 staff? Does he pass the directive along without comment? 
That does he say if asked how he feels about it? Does he pass 
talong as though he were enthusiastic about the idea and give 
ii the reasons which Goff has given him in support of the 
ange? How should instructions be relayed to the department 
athese circumstances? Can you state any guiding principles? 
Discussion will follow in a later issue, but discussion to date 
*ws many different points of view on the situation. Perhaps 
tis case, more than any other, illustrates the value of the 
(ue Study method since in order to come up with an answer, 
“me assumptions must be made. The analogy to a real situa- 
tm lies in the fact that one must find out these points since 
hey are very relevant to the optimum solution of the problem. 
lus hear from you! 


hore on Bingo Corp. 

L. Pessel of Wyndmoor, Pa. writes: 
‘The basic problem in this case seems to be that no mechanism 
“us yet been devised by which invention as such can be planned, 
Xteduled or accelerated. Even if a department succeeds in ob- 
uning individuals with a record of inventive accomplishment 
ain providing an environment stimulating inventive creativity, 
tere is no certainty in timing or assuring the advent of inven- 
Don, 

‘Tt must be assumed that the Research Director was aware of 
“ts fact as well as of the crucial role of invention in the com- 
Metin of the project. Thus it becomes a case of faulty com- 
maication between him and Management. It might have been 
ue better part of wisdom to introduce into his ‘progress’ reports 
* stonger emphasis on the retarding factors. While it may 
“ure considerable moral courage to sell ‘retardation’, the out- 
“te of this case indicates the need for such a course.” 


December 1956 











ELECTRICAL 
ENGINEERS 


if you have had engineering experience in any of the cat- 
egories shown below, Northrop Aircraft has an attractive 
position for you, with many benefits. Important among 
them are high compensation, challenging assignments, 
steady advancement, recognition of initiative and ability, 
and continued interest in your progress. Many outstand- 
ing engineering positions are offered, as follows: 

ELECTRICAL GROUP, which is responsible for the de- 
sign of such things as power generation and distribution 
systems, rectifiers and power converters, and auxiliary 
systems as applied to manned aircraft, guided missiles 
and ground support equipment. 

COMMUNICATIONS AND NAVIGATION GROUP, which 
is responsible for the design of C/N systems in manned 
aircraft and installation of guidance systems in missiles. 

FIRE CONTROL RADAR GROUP, which is responsible 
for the installation and application of the most advanced 
type of fire control systems in fighter-interceptor aircraft. 
The work covers the installation of the equipment and 
associated wiring; continuing liaison with equipment 
manufacturers; preparation of system analysis and re- 
ports; and follow-up of system performance in the field 
as aircraft become operationai. 

INSTRUMENT GROUP, which is responsible for the de- 
sign of instrument systems for manned aircraft and the 
installation of flight test instrumentation for guided 
missiles. 

There are also opportunities for draftsmen with either 
electrical or mechanical experience. 

At Northrop Aircraft you will be with a company that 
has pioneered for seventeen years in missile research 
and development. Here you can apply your skill and abil- 
ity on top level projects such as Northrop’s new super- 
sonic trainer airplane, Snark SM-62 intercontinental mis- 
sile, and constantly new projects. And you'll be located 
in Northrop’s soon to be completed multi-million-dollar 
engineering and science building, today's finest in com- 
fortable surroundings and newest scientific equipment. 

if you qualify for any of these representative positions, 
we invite you to contact the Manager of Engineering 
industrial Relations, Northrop Aircraft, Inc., ORegon 
8-9111, Extension 1893, or write to: 1015 East Broadway, 
Department 4600-Al, Hawthorne, California. 





NORTHROP 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 


Producers of Scorpion F-89 Interceptors and Snark SM-62 Intercontinental Missiles 









American industry and government could learn a great 
deal from the British Research Association movement, 
according to Dr. William Eaton, a New York City con- 
sultant. Since these cooperative R/D groups are an out- 
growth of trade associations, their method of operation 
should be particularly interesting to trade associations in 
this country. Eaton was one of two American representa- 
tives at the recent conference on The Organization of Indus- 
trial Research, held at Ashridge, England. Representatives 
of eleven European countries and several Commonwealth 
nations also attended. Directors of many of the British 
research associations spoke at the Conference on the 
philosophy and modus operandi of their respective organi- 
zations. 


British research groups worth studying 








This new 
Cenco apparatus 
pro vides 


Greater Accuracy 
in Vapor Pressure 
Determinations 


This device increases the accuracy of low tem- 
perature fractional analyses of petroleum gases by 
eliminating holdup errors and uncertainties in 
determining cutpoints. Analysis is made of the 
transition fraction obtained from low temperature 
distillation of a sample by the vapor pressure 
method. Applicable to binary mixtures ranging from 
methane to isopentane, the instrument is suitable 
for determining cutpoints between isobutane and 
butane and for analyzing samples of natural gas 
for nitrogen, methane and ethane without previous 
fractionation. 


Accurate evaluation of the fraction composi- 
tion is easily obtained. Vapor pressure readings are 
applied to special percentage graphs or equations 
provided with the instructions. 


The unit measures a compact 12” x 44” over-all. 
It is made under license by Phillips Petroleum Co. 


No. 27820 Cenco Vapor Pressure Apparatus, 
Dn 5 Sous bate swede kedeoasee $275.00. 


CENTRAL SCIENTIFIC COMPANY 


1734 IRVING PARK ROAD, CHICAGO 13, ILLINOIS 
BRANCHES AND OFFICES —CHICAGO © MOUNTAINSIDE, NJ © BOSTON © BIRMINGHAM © DETROIT 
CENTRAL SCIENTIFIC CO. OF CALIFORNIA —SANTA CLARA « LOS ANGELES 

PLFINERY SUPPLY COMPANY._TULSA © HOUSTON 

CUNTRAL SCIENTIFIC CO. OF CANADA LTD.—TORONTO © MONTREAL © VANCOUVER + OTTAWA 
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Very few trade associations in this country sponsor any Bh: 
basic or applied research projects or have any coopera Byers 
tive laboratory facilities, according to Eaton. The fey 
that do, such as The National Institute of Dry Cleaning, 
have enjoyed great benefits. The Dry Cleaning Organiz. § 
tion has had a central research laboratory since 1927, (th 
the other hand, American industry can go to the great 
R/D organizations such as the Armour and Mellon Found. 
tions, which are virtually non-existent in Great Britain 
according to Eaton. 

The typical research association is a non-profit corm F 
ration with its affairs managed by a council elected yj 
the member companies and composed mainly of the leader 
of the association. The combined staff of all the Britis) 
research associations is now about 4500 of whom abut CF 
1400 are college graduates or the equivalent. Subscriptin 
from member companies are normally guaranteed fw 
several years at a time to give the necessary financil 
stability. Rates of subscription are determined by th 
members or by the council, and may be based on invested 
capital, number of employees, total wages, or consumption 
of raw materials. Sometime the payments are made through 
the trade association, which passes along a single sum t 
its associated research group. 
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How is Government Support Provided? ol 
The British Government officially supports, in varyig— jp 

degree, the various research associations. Grants are matt 

available primarily to encourage the formation and grow 

of the associations. In all cases the government graui 

are related to the money put up by the industry itsel. 

In accepting this government support, the association 

do not surrender their independence; there are virtuall 

no strings attached. The government grant is simply : 

cluded in total income and from an operating standpoit! : 

is indistinguishable from funds supplied by member cot 

panies. However, the government may nominate one 

two experts to the association’s governing council. 


Won Nobel Prize in Chemistry 

One outstanding result of the work of these association 
is the 1952 Nobel Prize for Chemistry Award to Dr 
Martin and Synge of the Wool Research Association. The 
developed the technique of partition chromotography and 
applied it to the separation of the chemical constituents ¢ 
the wool fibre. The associations cooperate with the Britis 
Standards Institution to develop methods of testing for al 
kinds of products. For example, the Electrical Reseatt 
Association provides representatives on 150 Standani 
Committee and has a large amount of data in connectitt 
with standardization. The work of the Cast Iron Resear 
Association has led to the development of the now we 
known nodular cast iron which has replaced steel in ct 
tain applications. 
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Can’t Be Copied Uncritically 

Because of basic differences between British and Am 
ican political thought and industrial organization, Bale 
stresses that the structure of the British Research Asso 
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“ng cannot be copied uncritically in this country. We have 

avs avoided institutions which tend to equalize rather 

Y hha to differentiate the individual members companies of 
» wy industry. The British, on the other hand have followed 
different path and recently of course have nationalized 
4] of their largest industries. It is not unexpected that 
ie cooperative research has been less widespread here 
in in Britain. But the British strongly maintain that co- 
wrative research does not eliminate competition, since the 
1e fey Bxividual companies utilize the pooled research results to 


paning, widely varying extent, according to Eaton. 


my Pamphlet Available 
I for more detailed information on the British Research 
onal sociations, readers can obtain a recently issued pam- 
Sritain, eu entitled “Combining For Research”, from the Depart- 

ent of Scientific and Industrial Research, Charles House, 


11 Regent Street, London, S.W. 1, England. 
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COrpe- 
ted by #_ 
leaders 
— Accura Ibs.; 6-inch 
| pressures to 20,000 
: . pa CRITIQUE OF IMPURE REASON gauge i ap 8 = Standard ae, 
Tipuiod ; ries include Electric or Steam Hot Plates, Carver Test 
ed for There are some things we know about computers and Cylinders, Swivel Bearing Plates, Cage Equipment. 
ancl their limitations. Among these are: a computer can Available from stock. Write for catalog. 
by th™ perform only operations built into it; and the operations 
nvest/@ are built-in by men. Men have limitations that can be FRED S. CARVER iNC. 
mpticn expressed similarly: men cannot do what men cannot do. HYDRAULIC EQUIPMENT 
hrough It follows from these propositions that a computer eee 1 CHATHAM ROAD, SUMMIT, N. J. cee 
sum p™@ cannot do what men cannot do—though it can do what FOR MORE INFORMATION CIRCLE 19 ON PAGE 48 
it does much faster than men. 
With these limitations in mind, one reads with per- 
plexity an announcement carried by the Associated Press, 
ae in November, datelined Los Angeles: 
O e o 
growth A team of scientists has proposed building an elec- Acoustical Engineer: 
grants tronic brain in the hope of adding a new dimension . ene 
+ itself to man’s perception. The team believes that man, handi- Exceptional ability ? 
“iation capped by a limited ability to perceive dimensions, may 
: be unaware of the true shape of things . . . by studying 
irtuall the limitations of his brain, man may be able to build a Earn up to $12,5 00 at 
ply it- computer that could peer around “the fourth dimensional 
ndpoit! corner” and translate what it finds there into a language 
rr Con: he can understand. If that occurs “events which seem 
, now to be unpredictable, and therefore unavoidable, 
saat might be forseeable, and the future would seem less RCA needs an acoustical engineer for design and develop- 
mysterious.” ment work on devices and systems in military and com- 
ag ;, mercial fields: microphones, headsets and loudspeakers; 
sation Here it is that perplexity arises. For how can “new noise and vibration measurement and analysis; speech 
Dr perceptions” be invented if they must yet be reduced to compression systems; noise cancellation microphones; 
? the familiar terms by which a thing can be known? Isn’t psycho-acoustics. RCA—pioneer in acoustics—has facili- 
. Thee it literally meaningless to speak of the “true shape of ties perfect for the man who desires advanced work. 
yy a things” apart from our perceptions since that “shape” 
ntsc must yet be submitted to our perceptions? — 
British If we assume that our perceptions are not the “true FOR CONFIDENTIAL INTERVIEW 
for al shapes”, then we see only perceptions, and there can be | 
= mapa the breach. And if we assume that our per- Call Collect—Mr. R. A. Wallace 
” ions are only possible appearances of “true shapes’”’, 
. : . : A mden, N.J. WOod!l 4-7800 
vectior then new mathematical relations might be discovered or nies ites 
search ‘Vented, but since those new relations, too, would be Ou, cond epeume tos 
» wel- perceptions, they would still, so far as we could know, Mr. John R. Weld, Employment Mogr., Dept. Z-8M 
4 hot necessarily be “true shapes”, but would still be mere Radio Corporation of America, Camden 2, N.J. 
appearances. 
And finally, if we assume that our perceptions are, RADIO 
indeed, the “true shapes”, and we are ignorant of the CORPORATION 
future, then the proposed machine could only compound sd 
our ignorance.—Sandek @ OF AMERICA 
een 
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Common Sense in Research 
and Development Management 


By GEORGE W. HOWARD 


Reviewed by John Rivoire, Manager of 
Market Research, Westvaco Mineral Prod- 
ucts Div., Food Machinery & Chemical 
Corp. 


This thin volume is a collection of im- 
pressions on the business of running a 
research organization, gathered by the 
author during the course of a series of 
visits to a large number of research 
organizations under a Rockefeller Public 
Service Award. 

The book summarizes observations on 
several categories of research management 
activities as actually carried out by the 
organizations visited or contacted by the 
author. These organizations appear to rep- 
resent a fair cross-section, though by no 
means a true sample of government, uni- 
versity and industrial research as carried 
out in the United States, Canada and 
Europe. (Of the 82 organizations con- 
tacted, 12 were classed as university estab- 
lishments, 12 were government centers, and 
48 were designated industrial research 
units, including both company laboratories 
and independent research organizations). 
In most instances, the method was personal 
interview of responsible managerial per- 
sonnel according to a generally defined but 
not formalized set of questions. 

The author’s impressions are gathered 
under a series of headings, as follows: 
Control of Research and Development, Se- 
lection of Personnel, Professional Develop- 
ment, Direction of R & D Work, Planning 
and Checking Progress, Management of 
Laboratory Finances, Internal Communica- 
tions, and Auxiliary Services. Each chap- 
ter is ended by a brief summary of con- 
clusions drawn by the author’s observations 
on the subject. Probably few research di- 
rectors will quarrel with these observa- 
tions. Essentially, they restate the conclu- 
sions many research directors have reached 
by thinking through the nature of their 
jobs and responsibilities. 

The chief value of this little book seems 
te be its unpretentious approach to an 
organized way of thinking about research 
administration. It has somewhat the na- 
ture of a preliminary report and leads the 
reader to expect a more complete and pene- 
trating analysis of the problems of re- 
search management. We can be hopeful 
that such a comprehensive study will one 
day be made. 

Vantage Press, Inc., 102 pages. $2.75. 
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A Modern Introduction to 
Mathematics 


By JOHN E. FREUND 


Reviewed by Helen Hassler, General Elec- 
tric Co., Nela Park, East Cleveland, Ohio. 


One of the first and loudest complaints 
of many teachers and professors in our 
schools and universities is the inability 
of their pupils to think creatively and 
validly. There is a realization growing 
that a thorough understanding of the 
basic rules of logic is necessary to clear 
thinking. 

“A Modern Introduction to Mathema- 
tics” is an attempt to meet this need. It 
is aimed at the college freshman or sopho- 
more, with the intention of helping him 
get the most from his courses by way 
of comprehension and application. 

And it succeeds admirably. It is clear, 
understandable to any reasonably intel- 
ligent person, and beautifully written. 
It takes almost nothing for granted be- 
yond the most elementary algebraic rules 
—indeed the first few chapters are per- 
haps too elementary. 

Despite the title, the book is concerned 
much more with mathematical logic and 
inference than it is with mathematical 
problems. The first section is given to defi- 
nitions, postulates, and basic rules of logic, 
together with their application to algebra 
and geometry, with special attention to 
number theory. A section on pure and 
applied algebra, geometry, trigonometry, 
analytic geometry, and elementary cal- 
culus, follows. The last part of the book 
is devoted to symbolic logic, statistics, 
probability theory, etc. 

None of these subjects are treated ex- 
haustively—it would be impossible to do 
so in one book. However, each is care- 
fully defined and rigorously developed 
from a few basic concepts. A study of 
any one of them should give the student 
and excellent background for further 
study. This reviewer found the chapter 
on elementary calculus exceptionally val- 
uable. 

Considering that the tendency in most 
universities is toward learning the prac- 
tical aspects of mathematics, this book 
would scarcely serve as an adequate 
textbook: comparatively little space is 
devoted to the actual techniques of the 
various branches of mathematics. The 


author states in the preface that it should 
be possible for a student, with some ad- 
ditional outside study, to proceed to the 
study of calculus after taking a course 


based on this book. This may be correct # 
basic trigonometrical and geometrical rh. 
tions can be understood easily once th’ 


habit of analytical thinking has been & 
veloped. Nevertheless, knowledge of th 
theoretical development of axioms qm 
hardly take the place of practice in te) 
niques of applying them, and a studey 
who has completed a course based » 
“A Modern Introduction to Mathematic:’ 
would scarcely be proficient in solvi 
mathematical problems, especially in th 
more advanced but still basic problem 


of trigonometry and analytic geometry. J 


Perhaps the greatest value of the bod 
lies in the method of presentation. It i 
most interestingly written, with brid 
mention being made of the historical & 
velopment of various hypotheses ay 
formulas. Several chapters are devote 
to specialized branches of mathematic 
and logic, such as transfinite number 
Boolean algebra, and non-Euclidean geon- 
etry. The author suggests that the 
chapters are included to stimulate inte 
est in future study, and that they my 
be omitted without loss of continuity. 
While such subjects are by no mean 
necessary to a practical understanding « 
the applications of mathematics, the 
form a fascinating and important adjun 
to the study of the laws by which mathe 
matics has reached its present develop 
ment. 

It is doubtful that this book could tak 
the place of courses in formal math 
matics; but it would certainly make th 
study of mathematics much more inte 
esting and easier, and it might very we 
persuade many students that the stu 
of logic and mathematics is the basis fv 
study in most, if not all, other subjects 
Toward this end—the development ¢ 
mathematical thought—this book is * 
be highly recommended. 


Prentice-Hall Inc. Publishing, New Yer, 
N.Y., 586 pages, $8.00. 


Determination of Organic 
Compounds 


By K. G. STONE 


Reviewed by J. L. Sorkin 

Organic analysis is made difficult ® 
cause of the tremendous number of of 
pounds formed from a relatively sm. 
group of elements, and because few ® 
actions are known which are specific ® 
the individual compounds. It is possi 
however, by means of reactions with 
proper reagents to characterize the mm 
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active components of organic compounds, 
weh as hydroxyl, carboxyl, vinyl, benzyl 


I eethor of this book has endeavored, 
sith success, to present a text offering a 
ariety of reactions specific to each func- 
‘onal group. Equally important to the 
dudent is the wide diversity of analytical 
mocedures covered. Thus, in following 
he techniques described, he will, of ne- 
wgsity, become acquainted not only with 
dandard gravometric and titrometric anal- 
mes but also with gasometric, instru- 
mental, and other less frequently pro- 
msed procedures. 

As a text, the book’s usefulness is in- 
mased by its simple, systematic presenta- 
jon, by illustrations of the apparatus, 
wmerous literature references, and by 
moblems at the end of each chapter. 
The chapter dealing with the determina- 
ton of water in organic compounds is 
wteworthy. This subject, of increasing 
nustrial importance, is one as yet ignored 


fiy many similar texts. Three quantitative 


mthods of determining water are pro- 
wsed: by the formation of cuprous acety- 
ide, by distillation, and the Karl Fischer 
nethod. 

In preparing his text the author has 
hesen to ignore the more qualitative, 
thugh equally important, phases of organic 
malysis, elemental analysis, the deter- 
nination of physical properties, the prep- 
wation of derivatives. The book should 
® particularly useful as a supplementary 
tat in the field of organic analysis. 
NeGraw-Hill Book Company, Inc. New 
York, N.Y., (1956), 214 pages, $5.00. 
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\ir Pollution Research 


Growing nationwide concern over the 
wblems of air pollution is reflected in a 
eW report on current research in the field. 
The report, designed as an aid to engineers, 
public health officers, scientists, and others 
‘Merested in air pollution problems, shows 
tat 68 colleges, universities and research 
astitutes now report that they are carry- 
4g on research in air pollution. The com- 
~~ number was 45 in 1955 and 87 in 


According to Frederick S. Mallette, Sec- 
wary of the Committee on Air Pollution 
Controls of the ASME, the current report 
Sthe second in a series of three scheduled 
‘t publication this year. The first, pub- 
ished in July, provided a list of instru- 
mats and devices useful in the study of 
*t pollution. The third will deal with air 
wilution control equipment of all kinds. A 
monthly newsletter, Smog News, is also 

by the committee. 
current report, titled, GUIDE TO RE- 


December 1956 


SEARCH IN AIR POLLUTION, may be obtained 
at a cost of $1.50 per copy by writing to 
Order Department, American Society of 
Mechanical Engineers, 29 West 39th St., 
New York 18, N.Y. 


Conference on Elastomer R/D 


Technical papers presented at the fourth 
Army-Navy-Air Force Conference on Elas- 
tomer Research and Development in 
January 1956 have been published. Sixty- 
four reports by military researchers de- 
scribe specific work with elastomers in the 
general areas of selection and improvement 
of materials, evaluation of new materials 
from industry and, in particular, invention 
and discovery of new materials to meet 
the needs of extreme operational conditions. 

The publication, ELASTOMER RESEARCH 
AND DEVELOPMENT, is available in two vol- 
umes: Volume 1, PB 121360, 152 pages, 
price $2.50; and Volume 2, PB 121361, 314 
pages, $5.50. This and the following reports 
may be obtained from OTS, U.S. Depart- 
ment of Commerce. 


Magnesium Tests 

Test methods for evaluating the quality 
of chemical and electro-chemical surface 
treatments with respect to corrosion re- 
sistance afforded by the treatments to the 
base metal, and the adherence between 
paint type coatings and the best metal af- 
forded by surface treatments are the sub- 
ject of this report. In this research, the 
gasometric method was the most promising 
for evaluation of corrosion resistance. 
RESEARCH ON TREATED MAGNESIUM SUR- 
FACES, PB 121140, 187 pages, $4.75. 


Magnetite Grown 


Magnetite crystals were successfully 

grown at a rate of 0.05 mm a day with the 
hydrothermal process. Growth occurred in 
steel autoclaves containing ammonium 
chloride solution. Temperature at top of 
chamber, where the crystals grew, was 
430°C and at the bottom 480°. Pressure 
was about 22,500 psi. Growth rate de- 
creased with lower temperatures. Evidence 
showed that the growth was the outcome 
of a chemical process. 
INVESTIGATION OF METHODS OF PRODUCING 
SINGLE CRYSTALS OF NON-METALLIC FERRO- 
MAGNETIC SUBSTANCES, PB 111934, 66 
pages, $1.75. 


Anti-Icing Manual 


Research concerning design of thermal 
anti-icing systems for aircraft wing and 
tail surfaces has been compiled in manual 
form. This report provides methods and 
reference material for design of steady- 
state systems utilizing as the heating 
medium hot air flowing along inner sur- 
faces of the skin through so-called double- 
skin heat exchangers. 

A DESIGN MANUAL FOR THERMAL ANTI- 
IcING SYSTEMS, PB 121135, 302 pages, 
$5.50. 
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Seven of the most popular art- 
icles for improving technical man- 
agement published in RESEARCH 
& ENGINEERING in recent months 
have been reprinted, including five 
by Luis J. A. Villalon, our Manage- 
ment Affairs Editor. Available for 
25¢ each, they are listed below. 


LIMIT THEOREMS: Practical Tool for 


Project Evaluation 


THE DIFFICULT PERSONALITY PROBLEM 
INR&D 


EXECUTIVE HEALTH: 14 Ways to Main- 
tain it 


HOW’S YOUR STAFF EFFICIENCY? 


HOW’S YOUR ORGANIZATION QUO- 
TIENT? 


TIME MANAGEMENT FOR THE RE- 
SEARCH EXECUTIVE 


Reprints of the above articles on 
oy ay — are avail- 

twenty- cents each. 
Sood “chook or money order to 
Research & ENGINEERING, 77 
South St., Stamford, Conn. 
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accelerometer | indicated acceleration 


THIS 1S INERTIAL NAVIGATION continued from rave 20) 


----- VERTICAL INDICATING SYSTEM —————-— 
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Fig. 5. Doubly-integrating the angular acceleration of the indica! 
vertical to indicate position. 
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Fig. 6. The use of a physically-represented reference vertical aboard the 


vehicle to indicate position. 
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COURSE OF AN AIRCRAFT OVER THE EARTH BETWEEN POINTS 1 AND 2 


FAN-SHAPED SURFACE GENERATED BY VERTICALS ALONG COURSE 


ASTRONOMICAL LATITUDE OF POINT 2 


reference vertical 





reference vertical 





reference vertical 





Fig. 7. Geocentric rotation | 
the vertical as a 
moves over the Earth. 
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ASTRONOMICAL LATITUDE 
OF POINT 1 


Using Star Lines 

Star lines, or, alternatively, gyroscope-fixed lines, are 
used to get the reference sides of the position angles used in 
navigation. The line of radiant energy from a star to the 
Earth is parallel to some vertical; the precise location of 
this vertical at any given time is found in the navigator’s 


almanac. The angle between the star line and the local 
vertical is used to compute position relative to the reference 
substellar position tabulated in the almanac. Thus, star 
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DIFFERENCE BETWEEN ASTRONOMICAL LONGITUDES OF POINTS 1 AND 2 


GEOCENTRIC ANGULAR ROTATION BETWEEN VERTICALS AT POINTS 1 AND 2 





NEARLY SPHERICAL EARTH 
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bel: 

lines serve as references fixed externally to the Earth, a, 
are said to be fixed in inertial space (inertial space ® 
resents the reference frames in which Newton’s laws! 
motion are valid and are associated with the “fixed stat’) ‘ 
Gyroscope axes provide portable star lines, because sit 
gyroscope references can be used within a vehicle to de 
mine directions with respect to inertial space.* Thus 9" 
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scopes provide for the basic requirement of ine ™** 
: : . . . : | to 
navigation references: self-contained information SoU“. inte 
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John Hovorka received his M. S. in Physics from 
the University of Illinois in 1943 and is an alumnus 
of the war-born M. |. T. Radiation Laboratory. He is 
a Staff Physicist with the M. |. T. Instrumentation 
Laboratory, and is concerned with inertial 
navigation and fire contro! studies. 






». Walter Wrigley received his Sc.D. in Physics 
the Massachusetts Institute of Technology in 
), bis doctoral thesis was based on some consid- 
of inertial navigation which are now part 
de besic literature. Dr. Wrigley is Professor of 
ical Engineering and Educational Director 
és Instrumentation Laboratory, M. |. T. 






¢ the universe external to the vehicle. A _ position- 
ator using the space integrator to maintain an inertial 
rence vertical aboard the vehicle is block-diagrammed 
ir. 6. Here the vertical indicator output is compared 
the reference vertical from a space integrator*, the 
# between the verticals being interpreted by the position 
ator as indicated position, i.e., as either latitude or 
itude, depending on which component of position is 
rt consideration. 
Fig. 3, a different method of position indication is 
ved: the vertical indicating system loop is “tapped” at 
gace integrator input, which is proportional to the 
iar velocity of the indicated vertical; latitude rate, or 
iude rate projected along the north-line, as the case 
rb. One integration of this quantity suffices to give 
tim change, as shown in the block diagram. In Fig. 5, 
ume kind of vertical indicating loop is tapped at the 
krometer output level; in this case, an open-chain 
ie integration gives position change. 


Navigation Method 
wrtial navigation is a method of navigating which ren- 
‘automatic the conventional navigator’s responses to the 
force acting on him and to his observations of Earth’s 
ton relative to the stars. The instrumental response 
see inputs is based on the use of accelerometers as 
tletectors and gyros as portable inertial references. 
present picture of the art appears to involve a heavy 
h investment in these classes of instruments. END 
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*& Space integrator is used for the reference vertical it is not 
© use another space integrator for the local vertical, an 
integrating drive is sufficient. 
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CALIDYNE 
model 174 SHAKER 


1500 ibs. force output 










Sinusoidal | Sinusoidal | Sinuscidal* | Sinuscidal* 





Type 


Power Supply 
Force Output 





Electronic 
1250 Ibs. 





Rotary Electronic Electronic 
1500 Ibs. 1500 Ibs. 1500 Ibs. 
cps. | 5-3500 cps. 
130 Ibs. 130 Ibs. 
$5 Ibs. SS Ibs. 

























cps. cps. 
105 Ibs. 


42.5 ibs. 








Loed 10g. 
Load 20 g. 











*Also adaptable for Random Vibration Testing. 


CALIDYNE’S Model 174 Shaker featuring high frequency operation 
and low input requirements has been so designed that it can be utilized 
in any one of six CALIDYNE Vibration Test Systems. 


The versatility of the Model 174 Shaker extends the range of vibra- 
tion testing for which this shaker can be used. It further advances 
CALIDYNE Systems of vibration control, enabling equipment man- 
ufacturers to: create vibratory forces over a wide range, measure 
them, use them for testing and measuring the test results. 


Complete performance 
data on each of these 
6 CALIDYNE Series 
174 Shaker Systems 
are contained in New 
Bulletin 17400. For 
engineering counsel in 
applying the 
destructive force of 
vibration to your own 
research and testing 
problems, call us here 
at CALIDYNE. 


tyescet vibration testing Ts of these 
Model 174 CALIDYNE Shakers include: 
1. Brute force shaking at frequencies simulat- 
ing the worst conditions of ultimate operation. 
> Structural response to determine mode 

pe, frequency and damping characteristics. 

3. Fatigue testing for high stress pooutaing 
deflections many times greater than 
usage. 
4. Random vibration testing for more exact 
simulation of true environment. 








THE 


CALIDYNE 


COMPANY 


120 CROSS STREET, WINCHESTER, MASSACHUSETTS 
SALES REPRESENTATIVES 


NEW ENGLAND, NORTHERN NEW YORK VIRGINIA, MARYLAND, WASHINGTON, D. C. 
Technical Instruments, Inc F.®. » tne 
Waltham, Moss (Twinbrook 3.1400) Washington, D. C. (Oliwer 2-4406) 
Syrocuse, N. Y. (Syrocuse 3-78670) 
NEW YORK CITY, LONG ISLAND 
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G. Curtis Engel & Assoc 
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TEKAS (Except El Paso! 


A. Green Co 
Dollos, Texas (Riverside 3206) 
Houston, Texas (Jockson 3-1 521) 
Tyisa, Oklahome (Riverside 2.4657) 
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Gerold B. Miller Co. 
Hollywood, Calif. (Hollywood 2.1195) 
Sen Diego, Calif. (Acodemy 22-1121) 
Belmont, Collf. (Lyte! 3-3438) 
Tucson, Arizona (Tucson 4.4255) 
Denver, Ps omg (Acoma 2-9276) 


"Giugno 5-8606) 


SOUTH CAROUNA, GEORGIA, ALABAMA, 
FLOWIDA, SOUTHERN TENNESSEE 
Speciolir6ed 


Cocoe Beock, Fic. (Cocos Beach 3328) 


LUNOTS, WISCONSIN, 


MP. Odell Company 

Westloke, Ohio (Trinity | -8000) 
Chicego, M. ete 2-1555) 
Indronapoln, ind 


ind. (Glendale 3803) 
Minneapolis, Minn. (Colfax 7949) 


FOR MORE INFORMATION CIRCLE 39 ON PAGE 48 




































Counters . 

A new line of highly accurate automatic counting devices for any 
operation controlled by pneumatic or hydraulic action has been an- 
nounced by Pneumaticount, 3400 N.E. 54th Avenue, Portland, 
Oregon. The new counters screw into the line controlling any air or 
hydraulic cylinder and can be completely installed in five minutes. 
The manufacturer claims these advantages: no linkage to assemble 
or get out of adjustment, no solenoid; no possibility of half or mis- 
counts; it will outwear and out perform mechanical counters, total 
cost less than the usual installation cost. Models are available for 
from 1 to 5000 pounds and up to 300 counts per minute. All models 
are available with five or six digits and knob or key reset. 


For more data circle 41 on page 48. 


Air Wash 


A corrosion-resistant entrain- 
ment separator for removing 
moisture from air and other 
gases is announced by National 
Carbon Company. The unit em- 
ploys an impingement type en- 
trainment separator of graphite 
which mineral acids, organic 
solvents, and salt solutions, 
won't corrode. Self-contained 
and ready for pipe line inser- 
tion, the device can be operated 
at temperatures from —40 to 
340°F, pressures from full vac- 
uum to 65 psig. Its construction 
permits quick disassembly. Na- 






New York 17, N.Y. 
















Humidity Measure 
Humidity measuring elements capable of operat- 
ing at temperatures up to 200° F or 600° F, de- 
pending on its container, are announced by 
Photo-Crystals of Geneva, Ill. Applications would 
be in humidity control] and laboratory tests. 


For more data circle 45 on page 48. 





tional Carbon, 100 E. 42 St., Control Wheels 


Low-priced control wheels designed for the appliance, power 
For more data circle 43 on page 48. and electronic industries, are available from stock in sizes from 
to 134” O.D. Trunion pins, hub lengths, hub diameters, hok« 
ameters, and shapes, can be varied to specifications. The whee! 
solid, one-piece units that will not come apart or loosen. 

Gries Reproducer Corp., 400 Beechwood Ave., New Rochelle, ™ 


For more data circle 46 on page 48. 


Pneumatic Transducer 

A pneumatic-to-electric transduce 
the manufacturer believes throw 
light on the energy-producing ani; 
mation-transferring capabilities 9 


pressed air, has been announced hj 


Sheffield Corporation of Dayton, 
The transducer is a single-switcd 
converts information conveyed by 
pressed air into electrical signal, 


For more data circle 55 on page 48. 


Tube Protector 
Featuring a “slotted finger” de 
99144% pure, heat-treated silver 
these new Kool Klamps offer: 
mum envelope contact and het 
ductivity. MIL approved, ther 
kets are mechanically locked | 
hard-drawn copper base provil 







rigid mount to withstand sem 


bration. Industrial Div., The Bi 
Corp., 4871 Valley Blvd., Les! 
32, Calif. 


For more data circle 44 on page #. 








COMPONENT 


Pre-Packaged Gas Generators 

Capable of creating a known amount of gas at predictable pressur 
and temperatures for a given time, these pre-packaged gas generato, 
can be supplied with a wide range of different pressure/time characte. 
istics to suit application requirements of primary interest to aircraft ayj 
missile industries. The units are designed to provide power for: open. 
tion of turbines, pressurization of fluids and systems, actuation of pis’ 
tons and expandable rings, and ignition of liquid propellants. Haviy 
no moving parts, they are unaffected by acceleration, vibration, & 
Horsepower outputs range from 0.01 to 150 and output pressures fr 
15 to 25,000 psi. Reliability factor approaches 100%. McCormick Sep 
Associates, 89 Hollister Airport, Hollister, Calif. 

For more data circle 40 on page 48. 
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Mechanical Integrator 


A new floating ring integrator, 
consisting basically of a disc, 
drum, and ring, has outstanding 
characteristic of requiring less 
than .5 grams to position the 
ring, and thus control the out- 
put drum shaft speed relative to 
the input-disc shaft speed. 
Negligible force is required to 
maintain the ring’s position at 
varying speeds and loads. The 
integrator is suitable for a wide 
range of applications from chart 
integrators and servo mechan- 
isms to variable speed drives 
and linear-to-rotary-motion con- 
verters. Optimum Engineering 
Co., 2017 Willow Street, Grand 


Glass Joints 


Outer ground glass joints hav- 
ing a constant outside diameter 
for the entire length of the joint 
(except for reinforcing bead) 
has been announced by Kontes 
Glass of Vineland, N.J. The new 
design facilitates clamping, im- 
parts greater strength, and 
eliminates need for a bulb below 
the ground section: the latter 
feature eliminates hold-up and 
thinned-out sections of glass, 
according to Kontes. Available 
in a large variety of sizes, a 
free sample is being offered in 
response to letter-head requests. 
For more data circle 53 on page 48. 




















ature Motors Prairie, Texas. 
nced by d-c motors and gen- For more data circle 54 on page 48. 
ayton, ws, the dimensions of Arithmetic Relays 
Switch @i are in fractional inches, Engineers with problems of ra- 
fed. by a which feature self-aigning tioing fuel-air flow, determin- 
gnals, Br bearings with Nylon re- ing boiler swell, or totaling flow 
ws that assure quiet run- on multiple lines, will be in- 
are available from Heintz terested in these universal pneu- 
ler Engineering Co., 1906 matic computing relays capable 
ro Ave., Chicago 39, Ill. of performing all arithmetical 
mits, measuring .875” x operations. The new series oper- 
,are also available with ate on a force-balance principle 
er” Seog Hearings. —four bellows position a float- 
1 silver de doto circle 48 on page 48. ing disc about a fulcrum. The 
offer disc acts as does the flapper of 
nd hes a conventional flapper-nozzle de- 
i, their . tector. Pressure from the bel- 
reked | Tiny Clutch Shock-Resistant Meter lows sets the position of the disc 
id Ideally suited as a speed or direction changer A new low-cost panel meter, in relation to the nozzle. Change 
in servo-type applications, a new line of with a full scale range from of pressure in the feedback bel- 
miniature electromagnetic clutches is avail- zero to 20 microamperes, will lows keeps the disc in balance. 
able for electronic and instrument applica- withstand punishment more Foxboro Co., Foxboro, Mass. 
tions. The new MBC line has one input rigorous than the standard For more data circle 47 on page 48. 
gear hub (A), normally (de-energized) military 1200 foot-pound shock 
clutched to the output shaft; while the test. Lens, flange, and case, are 
opposite end in put hub (B) is free-turn- included in a one-piece mold- 
Mm ing. When energized, the input hub (B) ing of flexible, shatter-resistant 
is clutched to the output shaft and the (A) buryrate plastic. Gasker-sealed 
hub is free-turning. The functions of the at the zero adjuster, and treated 
shafts may be reversed so that a single with anti-static compound, the 
input can be connected to either of two meter is leakproof and unaf- 
J output shafts. Additional features: small fected by static charges. As- 
elle, size, minimum weight, low response time, sembly Products, Chesterland, 


DC operation. A. J. Thompson, Inc., Route 
1, Box 812, Florissant, Mo. 


For more data circle 50 on page 48. 


Ohio. 
For more data circle 49 on page 48. 


Load-Sensitive Screws 


Load-sensitive screws capable of operation at temperatures up 
to 425°F are now available. The new high-temperature primary- 
load measuring elements sense tension and compression through 
a special resistance type strain gage potted axially at the center 
of the part. Accurate, direct measurement of actual bolt load is 
possible with standard strain measuring instruments. Polyphase 
Instrument Co., Bryn Mawr, Pa. 

For more data circle 51 on page 48. 


y: Ceramic Elements 
in production, a positive acting 200 WVDC, non-mag- 
telay, uses two unique electrostrictive ceramic, capaci- 
tits in place of the usual electromagnetic coil to trans- 
J the contacts. The electrostrictive ceramic has the prop- 
of instantaneously changing its dimensions when sub- —— 
to an electric field, bending in the same direction for , 
besitive and negative polarity. Tests have opened and 
a the switches fifty million times with no case of fa- 
o failure. Capaswitch, Mullenbach Div., 2100 E. 27 
las Angeles 58, Calif. 


wwe date circle 52 on page 48. 
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SOLID ENGINE AND 
CHEMICAL DIVISION 
















Dependable, simple—the solid-propellant 
rocket is unique in America’s arsenal. Its 
power is instantaneously unleashed, its 
performance unaffected by atmosphere 
and actually improved by altitude. Aerojet- 
General's jet-assisted takeoff units 
(JATOs) are the world’s most widely used 
auxiliary power-plants for aircraft. 





In the search for new materials of con- 
struction, new fuels, and higher thrusts, 
Aerojet-General offers unequalled oppor- 
tunity in America’s most comprehensive 
rocket propulsion program. 


Mechanical Engineers 
Electronic Engineers 
Chemical Engineers 
Electrical Engineers 
Aeronautical Engineers 
Civil Engineers 
Metallurgists 
Chemists 

Physicists 
Mathematicians 
Technical Editors 


amp GeryelCenerial 









CORPORATION 
A Subsidiary of THE PLANTS AT AZUSA 
The General Tire TAS 32, G0M AND NEAR 
@ Rabber Company TIRE SACRAMENTO, CALIFORNIA 


Write: Director of Scientific and Engi- 
neering Personne!, Box 296A3, Azusa, 
Calif, or Box 1947A3, Sacramento, Calif. 
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Reference Texts 


Chemical Process Industries, by R. Norris 
Shreve, Second Edition, McGraw-Hill Book 
Company, New York, N.Y., 1004 pp., $11.50. 
Wide in scope, this reference to methods 
used in the manufacture of chemicals and 
chemical products covers the manufacture 
of chemicals, description of many manu- 
facturing industries based on important 
chemical changes (making of plastics, syn- 
thetic fibers, ceramics, paints, explosives, 
and pesticides). The methods are broken 
down into unit processes and operations by 
convenient flow sheets, which show the in- 
terrelationship of the basic unit processes 
and the unit operations. Contains impor- 
tant factors, such as data on physical 
changes and reactions, economics statistics 
and costs, energy and power required. Basi- 
cally the book is a chemical engineering ap- 
proach to the process of chemical and allied 
industries. 


The Condensed Chemical Dictionary, by Arthur 
and Elizabeth Rose, 5th Edition, Reinhold 
Publishing Corporation, $12.50, 1200 pp. 
New in format and greatly enlarged in 
content, this chemical dictionary contains 
a vast fund of information on chemicals, 
chemical terminology, trade-name products 
and related substances. Containing over 
30,000 entries, the publishers claim it is 
the largest and most complete chemical dic- 
tionary in both number and kind of entries 
as well as in extent of essential informa- 
tion authored under each heading. Contains 
data on the chemical and physical proper- 
ties of chemicals and raw materials; newest 
information on containers, shipping regu- 
lations and safety instructions; and new 
uses of chemicals in nuclear energy, chemo- 
therapy and other fields of current interest. 
Cross references help simplify the con- 
fusion often associated with chemicals and 
their synonyms. 


Air Pollution Handbook, edited by Paul L. 


Magill, F. R. Holden and C. Ackley, McGraw- 
Hill Book Co., 720pp., illustrated, $15.00. 
Written by thirty-one specialists, this book 
contains highly authoritative discussions 
on the causes, effects and control of air 
pollution, including the pertinent facts 
needed by all types of readers concerned 
with determining the nature, extent, and 
effect of air pollution in specific situations 
and in carrying out abatement programs. 

Topics: Control of air pollution at the 
source; city planning and industrial plant 
locations; chemistry of contaminated at- 
mospheres; epidemiology of air pollution; 
effect of air pollution on farm animals and 
plants; sampling procedures; analytical 
and experimental test methods; equipment 
processes for abating air pollution; and a 
review of basic legal considerations in- 
volved in air pollution. 
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er-Rammah’s self-moving egg 


Join two flat pans; fill with an incendiary mixture; add 

a tail; propel by two large rockets. In A.D. 1280, 

Arabia's Hassan er-Rammah, gazing centuries ahead, 
proposed this ovoid in his ‘‘The Book of Fighting on Horseback 
and with War Engines."’ 


Today, rocket-powered ordnance is foremost in American 
defense...and Aerojet-General Corporation is foremost 
in rocket power. Aerojet’s solid-propellant rockets are 
used on the Sparrow and Regulus and on the 

newest, most advanced American missiles. 


map GY corrorarion 


A Subsidiary of AZUSA, CALIFORNIA 
The General Tire & Rubber Company SACRAMENTO, CALIFORNIA 





We invite you—the engineer, the scientist—to participate at Aerojet in 
the creation of tomorrow's realities from yesterday's dreams. 
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RID CONTRACTS 


Reactors for Venezuela 

Venezuela is preparing to launch its first 
atomic reactor. Dr. Humberto Fernandez 
Moran, director of Venezuela’s nuclear 
physics research center in Caracas, an- 
nounces that G. E. will design and build a 
reactor rated at 3000 kilowatts of heat. 
The General Nuclear Engineering Corpora- 
tion of Dundeen, Florida will offer con- 
sulting help in setting up the reactor. The 
Caracas center will use the reactor for re- 
search in biophysics, biochemistry, medi- 
cine, physics and chemistry. The expected 
cost: $50 million. 


Detergent Plant 

Canada’s Imperial Oil, Ltd. has asked the 
Fluor Corporation of Canada, Ltd. to plan 
and build a detergent alkylate plant at 
Sarnia, Ontario. It will be the first of its 
kind in Canada. 


Rhenium as a Filament 

The Air Force has asked Battelle Institute 
of Columbus, Ohio to conduct a two year 
research program leading toward the use 
of rhenium in electron tubes. Rhenium, a 
scarce metal with properties similar to 
those of tungsten and molybdenum, is 
highly resistant to the water cycle. Also, 
it is ductile after high temperature cycling, 
it doesn’t form a carbide, and it is less 
brittle than tungsten. But rhenium is ex- 
pensive. Present cost is nearly that of 
platinum. The program hopes to realize 
the benefits of rhenium while using as 
little of the expensive metal as possible. 
Battelle will explore three avenues: coat- 
ing molybdenum and tungsten with rhen- 
ium; developing alloys of the three metals; 


ADDITIONAL INFORMATION FORM 


AND MAIL TO 


and coating rhenium filaments with alka- 
line earth oxides, thorium, and other high- 
ly emissive compounds. 


Mists, Sprays, and Fumes 

Another Battelle contract calls for the 
study of aerosols for the U. S. Army 
Chemical Corp., Aerosols are suspensions 
of solid or liquid particles in air. Battelle 
will tackle three aspects of the question: 
sampling procedures, methods of diluting 
moving aerosol, and changes that occur 
in moving aerosol streams. 


Smog Study 

New York University’s College of Engi- 
neering will attack the aerosol subject 
from a different angle. It has been com- 
missioned to study the problem of fogged- 
in or smogged-in airports for the Flight 
Safety Foundation. The project will as- 
semble chemists, engineers and meteorolo- 
gists in a concerted effort to improve 
visibility around airports. 


Heavy Water Power Reactor 

AEC has commissioned E. I. duPont de 
Nemours & Co. to determine if heavy water 
moderated reactors are suitable for gen- 
erating electricity. The study will center 
on the use of natural uranium as fuel. 
duPont will use the laboratory facilities of 
AEC’s Savannah River Plant in Georgia. 


Gas-Cooled Nuclear Reactor 

for Oil Tankers 

AEC has awarded General Dynamics Cor- 
poration, builder of the Nautilus and Sea- 
wolf, a contract to develop a gas cooled 
nuclear reactor for oil tankers. 


103 Park Avenue, New York 17, N.Y. 


CLIP OUT et & Engineering 


Please type or print 


For more information on products or ads in this issue, circle appropriate number. 


HERE’S A BRIEF REVIEW OF LAST MONTH'S 
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Precision Engineered Valves 


Valves especially engineered to pal 
high pressure control in the atomic) 
Nautilus, are similar to types used in 


temperature processing. 


Autoclave Engineers, Erie, Pa. 


Solid State Studies 

Modern solid state research requires 
peratures as low as 0.25°K to reduce 
thermal motion of matter sufficiently 
study. The two basic tolls which make 
search at these extreme temperatures pra 
tical are the ADL Collins Helium Cryg 
and the ADL Magnetic Refrigerator, ~ 


Arthur D. Little, Inc., Cambridge, Mass. 


Lithium Catalogue 

A complete compilation of physical a 
chemical data on lithium compounds 
available by writing to: | 
Foote Mineral Company, 455 Eighteen W. Chel 
Building, Philadelphia, Pennsylvania 


Checks Jet Engine Performance 


Two of the most important factors & 
effect jet engine life, efficiency, and sai 
are exhaust gas temperature (EGT) 4 
engine speed (RPM). Jetcal analy 
checks these factors with an accuracy 
+0.1%. 3 
B&H Instruments Co., Inc., Fort Worth, Texas 


Refractory Strengths 

Where refractories fail under load 
temperature, these refractories have @ 
extra resistance needed to avoid slur 
effect less downtime, lower mainten 
costs, and increase output. 7 


The Carborundum Company, Perth Amboy, New 


Interference Microscope 

An instrument for accurately measufil 
minute depths of roughness of 
finished surfaces, thickness of coating 
changes of surface structure due to 
offers magnifications of 80x, 200x, and && 
It features thalium and white light ium 
nators. 
Carl Zeiss, Inc., New York, N.Y. 


New Nylon Lubricant 

A new development, Nylube, is the #& 
lubricant specifically designed to help nym 
do a better job. Its exclusive combina 
of lubricating, anti-corrosion, and 
oxidizing agents seals nylon parts 
contamination. 


5 15 20 25 30 35 40 45 50 55 60 65 70 75 Synco Company, Detroit, Michigan 
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Electron Microscope , 
The RCA electron microscope reveals 
the first time the real structure of titan 
calcium pigment. This microscope cam! 

used in micrography of metals. 


Radio Corporation of America, Camden, NJ. 


Sonic and Spectrum Analyzers 
Instruments designed to provide & 
plete history of the time occurance of & 
sient waveform components, in 
frequency and amplitude information. — 
Panoramic Radio Products, Inc., Mount Vernon, ° 
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